Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



••B'. '- 



1 



ACOUSTICS, LIGHT, AND HEAT. 



1 > \ 



/>' 



IJ ■ 



.1 



ACOUSTICS, 
LIGHT, AND HEAT 



INTENDED AS AN 



5ntrotructton to ttie Stutrg of ?Pfigj5ical &tmtt 



ADAPTED TO THE REQUIREMENTS OF THE 

SCIENCE AND ART DEPARTMENT {ELEMENTARY STAGE) 

AND VARIOUS OTHER EXAMINING BODIES. 



BY 



THOMAS W. PIPER, 

AUTHOR OF VARIOUS WORKS ON ARITHMETIC; 
LATB NORMAL MASTER IN ST. JOHN's COLLEGE, BATTSRSEA. 




LONDON: 
GEORGE PHILIP & SON, 32 FLEET STREET; 

LIVERPOOL: CAXTON BUILDINGS, SOUTH JOHN STREET, 
AND 49 & sx SOUTH CASTLE STREET. 
1880. 



/^^ . a . /f 3. 



TO 

MR HARRY GRIMSHAW, KC.S.y 

IN KIND BEMEM6RANCE OF PAST INTEBOOUBSB, 

IS DEDICATED 

BY 

HIS AFFECTIONATE FRIEND, 

THE AUTHOR. 



PREFACE. 



"♦♦- 



This little book eoyers the ground of the Elementaij Examina- 
tion by the Science and Art Department in Acoustics, Light, 
and Heat; but the subjects axe here treated in such a way 
as will, it is hoped, render the book a useful introduction to the 
study of Physics generally. 

The plan of the work is different from that of any manual yet 
issued to meet the requirements of that examination. It is not 
a dry epitome ; it is an attempt to set forth the great principles 
of this branch of Physical Science in clear and familiar language, 
and to illustrate and establish these principles by descriptions 
of the more important and familiar experiments. The phenomena 
of Sound, of Light, and of Heat in many respects resemble each 
other ; wherever this is the case, they have been placed side by 
side ; wherever such is not the case, the fact has been stated. 
The whole of these phenomena, consequently, appear here, not 
as a number of isolated and independent units, but as members 
of great classes depending upon great principles. 

In arranging the work the Author has had the advantage of 
several years' experience as Normal Master in the Batteisea 
Training-CoUege. He has thus been able to consider the wants 
of students in Training Colleges ; these wants he has endeavoured 
to meet. As a rule, he found the students fond of scientific 
subjects for the Criticism Lessons they were required to give 
before the masters and the inspectors. He hopes they will find 
here the matter for such lessons presented in a form suitable 
for teaching purposes, and with strong beams of light shiuing 
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upon the " pitfalls " into which students usually tumble in their 
lessons on such subjects as the book treats ol 

As the student makes his way towards the end of the book he 
will find that the treatment as well as the subjects increases in 
difficulty. Such is the design. Every educational work should 
be so written as to develop the mental powers of its readers 
as they advance through its pages. We shall shortly issue an 
Advanced Book on the same subjects, and we hope to work it 
out on the same principles. 

It has been suggested that exception might be taken to the 
familiar, almost playful, language in some places adopted in this 
book. It is therefore necessary to explain that the Author has 
striven to reproduce, as nearly as possible, his lessons to his own 
pupils in a day-school. He there found the beginners seemed to 
be helped to an understanding of the matter placed before them 
by reason of the ffunilkr language he was sometimes able to 
employ ; he has therefore judged it not inexpedient to retain here 
some of the expressions he adopted in teaching. 

To this description of the aim and objects of the present book, 
the Author is anxious to add his sense of the imperfection of his 
work. To write a model work on Science would be the worthy 
object of a lifetime ; the present can be considered but as an 
attempt to supply in a convenient form the wants of those who 
are preparing themselves for various public examinations, and 
who have not time nor opportunity for studying the larger and 
more expensive works in which the necessary information is 
founds 

The Author gratefully acknowledges the help he has received 
from his friend Mr. Mansfield in revising, correcting, and im- 
proving the pages as they have gone through the press. 

T. W. P. 

LoKDON, January 1880. 
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CHAPTER I. 

PBBLIMINARX, 

1. The Atmospbere. Kotwithstanding the apparent absurdity of the 
idea, it has been proved almost beyond a doubt, that this solid earth 
upon which ve tread is round in shape, or, more correctly speaking, its 
shape is that of an orange. Of what materials the earth is composed is 
in some degree a matter of speculation, since it has not been found 
possible to do more than theorise concerning the condition and composi- 
tion of the central portions of our planet, though chemists and geologists 
have busily examined the composition and properties of the substances 
of which its outer crust is made up. 

It is not, however, with the earth itself that we have now to deal ; we 
must devote our attention to the study of the invisible cloak or mantle 
in which it is enveloped, and which rests upon it something as a mist 
appears to rest upon a hill, though there is a great difference between 
the two phenomena, as we shall hereafter see. 

2. Its AsBOGlatlon with the Earth. If it were possible to rise up 
from the earth to such a height as would enable us to view it as a 
ball, and if the atmosphere instead of being invisible were visible, we 
should see the earth surrounded on all sides by an envelope which might 
perhaps be 100 miles deep, or about ^th of the diameter of the earth, 
and we might very likely ask ourselves this question : '* Whp does the 
atmosphere cling for ever to the earth f WhydoesnH it blow off, or slide off, 
into the surrounding space f " We must endeavour to understand why. 
Whenever we see a body in motion, we may rest assured that somewhere there 
is a force causing and supporting that motion j if a body rests without 
motion when it appears to be free to move, we conclude either that all 
the forces tending to produce motion in it counterbalance one another, 
or that it is not acted upon by a force at all. When we then ask why 
the air does not slip off the earth, in other words, move away from the 

A 
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earth, we in effect ask why Bome force does not compel it to put itself 
in motion in a direction away from the earth ; and that brings ns to 
consider where such a force conld spring from; whether or no such 
a force exists anywhere. As a fact, there are a great many such forces 
always at work^ endeavouring, to to speak, to draw the air away from the 
earth, for it mnst now be understood that everybody and everything 
attracts everybody else and everything elte; we as we sit in a room are 
attracted each towards the other, and all towards the ceiling, the floor, 
^e walls, and the f nmitore. In the same way the earth attracts the 
moon, the snn attracts the earth, each star also attracts the others, and 
they all— son, moon, earth, and stars — all attract one another; that is, 
they all try to draw the rest towards themselves. Bat they do not all 
attract otiier bodies with the same amount of force ; under certain tax- 
camstanoes the heavier a body is the greater is its attractive force; and 
this explains why we do not see the baby drawn np towards the ceiling, 
and why the walls of a room do not rush together with a crash ; for the 
earth is by far the heaviest body near ns, and consequently we are all 
attracted to it more than to anything else ; and we, and everything in 
existence, move always towards that body which draws us with the 
greatest force. 

But as the sun and many other of the heavenly bodies are much 
heavier than the earth, we should expect that the atmosphere would 
leave the earth and move off towards the heaviest of these bodies, whereas 
it does nothing of the sort. To understand this we must explain that 
the nearer one body is to another the more they attract one another, or, to 
put it the other way about, the farther two bodies are apart the less they 
attrtict one another. As a matter of fact, it has been proved that if two 
bodies be in certain positions and then be moved to certain other 
positions troice as far apart as the former, then the bodies attract each 
other with a force (2 x 2 t.«.) four times less in the latter case than in 
the former, or, more correctly speaking, the force in the latter case is 
only one-fourth of that in the former. Also, that if the two bodies be 
plaeed three times as far apart, the attractive force becomes but one-ninth 
of what it was before, ko. ke. Thus it happens that the atmosphere, 
being close to the earth, remains there, because the force with which the 
earth attracts it far exceeds that exerted upon it by any other of the 
heavenly bodies. 

8. Its Composition, Properties, and Molecular forces. Now the com* 
position of the air has been very carefully examined; it has been found to 
consist of two gases (called oxygen and nitrogen) mixed together, with 
very small quantities of several other gases, and it has also been discovered 
that if you climb up a mountain, or go up in a balloon, there are certain 
differences to be observed in the air taken from those heights when com- 
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ptiai vrith ur tokca from tlia lerel of tba i«b. Let ni we what theia 
differences are. 

Suppose A boy is lying flat upon the gronnd, uid ;on U; npoQ him ont 
blonket, he will prohnbly not complain, bot if yon prcKeed to pils npon 
him two, /our. tighi, twenty bluiketa, tie will soon crj out to 70U to itup ; 
and tba mora blankets fou put upon him the more he will <sry oat ; and 
tha reason is. tbat the greatar the weight of tba blankets ba has to bear, 
tba greater is the pressure to which ha ii 
inbjeeted. 

Take another illnstration : take a piece ot 
butter rounded like a shallow oheeie, and 
place npoa it another piece ot the sanis 
weight and shape ; the under piece will le- 
eome flnttened : tben add ten or a dozen 
other similar piecei of batter, placing tham 
one upon the other thos (fig, 1) ; than it will 
be obierved that the farther jou go down 
from the top the more the buttflris flattened /^ — 

out ; and the reason is that ner]/ pieet of t 

butter ha$ (o rapport the weif/ht of aU the rig. 1. 

pieeei above it. 

So with the air or atmogphera j we may suppose it to eonsiil ot lajara 





FSg.a 
A, B, 0, D (Bg. 2), each and alt of which are attracted U 
it is erident that the bijer A hus to ntstua the presaure 
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foTca mth which the other outer Ujer* are kttraeted to £ ; alto that tha 
lajsr B Ii aintilirl; preued npos b; C und D ; th&t C i> also preased upon 
by D, wLile D hai no inch ptBisure to inatain ; in a word, tht farther you 
rite up from IhtEaiiKVu leii pruture the layer of air ia that particular 
region hae to tuetain. 

Sow if we take a tnbe, T T (Sg. 3), closed at the bottom, place in it 
_ aome water, W, and then pieaa down upon it with tlis 

pistoD, F, we shall find that it ii impoaiible to aqneeie tbe 
water, "W, into a much emaller apace ; in taat, that the 
apparatui would more eaiUj break than the water mbmit 
io OCCUP7 a mnch amaller epace. If we take out the water, 
and aj wine or beer or aoj other liquid, we aball God that 
though lome of them nitl allow of mora GompreuioD than 
othen, there is not one which will aubmib to occupy a much 
emaller apace. But if we fill the tubs with air, or oxygen, 
or hydrogen, or any other ffoe (or mixture of gaaet), the caae 
becomes quite a different one { the more heavily we preu 
down the piston, P, the more the gaaei become compreaaed, 
and they will often permit themteltea to be forced into a 
quarter or a tenth of the room they occupied before. 

It, then, the air were a liquid, the weight of ur nutidned 

by the layer A would not much affect ita volume, i.e., iti 

I uze or bnlk ; but aa the air ia a mixture of ffoue, the effect 

of the preaaure of the layers B, C, D upon A ii to caaae tba 

Pl^ ^ airia A to become eompreaaed— I.e., tomake itoeeupy n leai 

apace ; and couaeqnently it ia eaay to aee that the higlier 

we riae up from the anrface of E the lesi compreated the air mnit be, and 

thia ia juat what we find in making balloon ascenta. 

Bat enppoae a certain moot will coiiTeniently bold 100 people: it la 
clear that if tbe ume nniaber of people be forced into a room only half 
its lias the crowding will be dreadful — or, to use a common plinue, tbe 
crowd will be very DKN3E ; and it ia alio plain that the imaJler the room 
iato which theae 100 people are preased tht detiMur will the crowd become. 
So with the atmos<: liere : tbe nearer yoa art to the earth the denier it the 
atmatphere — or, to pat it the other wny about, the higher yon riae fn>m 
the earth the babbu {i.e., leas closely compreued) ii tbe atmoaphere. 

AgUD, it Li a matter uf every-day experience that the more elotely », 
crowd is packed the more desperately each peiaou in it atmggles for 
room : in other words, tha more haaTy the preasnra the more strong ia 
the resistance. And each little particle of which the air is made up has, 
ao to apeak, as decided a disinclination to he squeesed up aa has any 
human being ; consequently, the more dense the air ia the more it 
atrugglea for luom. Now, when you take a piece of the stuff called 
ELASTia and stretch it out, tha more yon stretch it tha more it triea to 
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Teton to iti former sbape. It u beoaaie <<[ tlii> pover (b; vhich it 
redit* eiteiuloB KoA tendi to resume its fomier ihapc sCter being 
aitcnded) that it u lo named, for eIiABTICItt ia tbe name given to that 
povar by vhich bodiei reiiat eiteniion, and tend to return to their ori- 
giuml (bape &ftec baving beea extended. 

Wb tboB leam that air ii rendered dshse b; compreiiioii {that ii, b; 
■objecting it to veighti or forces which compel it to ocoap; leai room), 
and that as its density inoreaias ao must its elasticitt alio incTSase. It 
ii neceas»i7 here to remark that whea air or an; gas suSers compressioii, 
the particles of which it it composed do not each saffer a diminution of 
volume ; the gas at a wAoCt does occupy a smaUer amount of (pace, but 
the room occupied by each individual particle is HOT lessened— the differ-> 
ease is in the amount of space remaining uuoooapied between the parJ 
tides. Just in the tame way, when people are crowded together they 
do not each actually till less apace than vhen the crowd ia lesi deiue, 
but thai a in tie dcnKr erovd las tpaee TtmaxBing vjuxxupitd beltceen 
and anaing tht perKnt compoiing tie craad. 

In Fig. 4 let J be ft glass jar containing sight qaarts of atmospberio air 
(or any other gaseous body, i.e., any other gas or mixture of gases), and 
let F be a plate upon which 
J fits air-tight. By means of 
ao air-pump lot us now draw 
off from J just four quarts of 
air through the tap, I, which 
we immediately turn to pre 
Tent air from entering J again 
We shall find that instead of 
J being now but Kalf fat! as 
we might perhaps have ex 
pected, it will be quite fu. 
fur the four quarts of air 1 
left in J will eipan 
and fill J once more. 

If we now remove four quarts of this expanded air, we shall find that 
the remainder will again expand, and onoe more J will be full of air. 

Proceeding in this way, we should find that as often as we removed 
from J any part of the tit, or other poKaiu body, which it oootained, ths 
remaining portion would at once expand to fill the whole of J, 

If, however, we suppose Fig. 6 to represent a very strong tube, TT, closad 
at the bottom, oontaiuing the liquid, W, and having a piston, P, working 
air-tight in it ; then if F be raised it is evident that no air can get in 
between P and the water, consequently there will be a vacuum created 
between P and the surface of W; for this liquid, W, will not expand 
to fill the unoocupied space as the gat did lo Fig. 4. 
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Hero W8 see anotlier differencB betweea a liquid and a gas, vii. , th»i kt 
fiieJ temperatarei a certain weight of 0117 liquid always oocnpiea ft 
certHin fixed amount of space ; in other words, has a certain 
volume, and ehows no teudency leibibita no insliimtion) to 
oocapy a greater volnme ; whereaa, under the aame droom- 
■tancei, the volume occnpied by a given weight of any ge4 
. is very variable, and depends only upon the amount of vacant 
space [or, the lize of the vacuum) into which it has the oppor- 
tunity of expanding; in a word, there lb practically no limit 
to the volume of the vacuum irhicb a given weight of nir 
can fill. 

Let ua now endeavonr io understand the reason of this 
difference between the behaviour of a liquid and that of a, 
gaa. Let A, B, C, D, E in Fig. 6 represent five balls con- 
nected together by very strong elastic bandi, which, asrepra- 
■ented in the figure, are stretched to tbeir ntmoct tension ; 
it is clear that the action of these bands will be to draw all 
the five balls together, and that it wilt b« a matter of much 
difficulty to increase tbe distance between them. These 
bands represent a force which operates ever between the 
Tig. I. particles of which every body is composed, an Bttractiva 

force called the force of cohetion, similar in its operation 
to the force by which the atmosphere is kept in proximity io the earth, 
which latter force ia called the force of ffiviniation. 

Tlie action of the force of cohaion, if left to operate by itself, would 
Bvidently be to draw all the particles of bodies lo closely together that 
they would touch one another, and so touch 
,J-iO,B one another that there would be hi little 
-y^'', . space a» possible remaining unoeonpied be- 
tween them ; and thai being the ease, it 
wouM be next to impossible to compren 
any body whatever into a smaller spaee, or 
to eanse any body whatever to occupy a 
U'Ei larger apace ; whereas, as a matter of fact. 
yig g it is possible to cause all bodies to expand, 

and so to occupy more space than they do 
under any given conditions. The eiplaoation of this fact is not far 
to seek : it will be shown beteatter that, as a rule, aU bodia expnnd 
wSen htatfd. Bnt if any given weight of iron, or water, or gas of any 
kind, be made to occupy a greater space than it does at present, it 
is clear tliat all the individual particles of this body must be pushed 
farther apart, and to do this toe requirt the aaiiilance of Km< forct acting 
in a laanntr ixacUy tht rtverte 0/ that in vihich cu'ienon optnUa ; thii 
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Id Fig. 7 let F, G, H, J, K represent five bnlli-, between vbich are 
placed very pawerf til spriDgs, all tending to force theae five balls unndsT. 
Here we bave repieaented a force acting in a 
manner the exact revene of that repreaented 
b; the elaitlc banda of Fig. 6. Theao sprinss 
represent a 




l^a action of the force of heat iroatd there- 
fore be to force apart the parties of all bodies 
containing heat, and it Tonld appear that the 
more wo heated > body the more this repulsive "s- ' ■ 

force between its constituent particles ought to ineresse — i.e., the more 
tbe behaviour of that body should resemble that of a ga», and the less it 
should resemble that of a. solid or a ligaid. Experiments confirm us in this 
supposition, for by heoiting ICK, which is lolid wiTKH, we convert it first 
intoaiiauid—rii.pOrdinaiy water— aiid then intoapiM— vis., steak; and 
other bodies exhibit the same phenomena. On the other hand, if we malie 
abodycoJiJn- (which i> done by subtracting from it some of ttshest, ns we 
shall see hereafter), ve, in almost every case, canse its volume to dimioish; 
ia other words, wa cause it to occupy less space — and this is as true of 
esses as of liquids and solids. This is just wliat we might have expected, 
for if the addition of heal catiBes the volume of a body to increiae, it ii 
only reasonable to expect that the tuUraction of heat would cause its 
volume to dtcrtam. The same is dear from our illuBtration by Fig. 7 ; 
for while an increase of heat in the body increases the strength and ten- 
sion of the aprioga, bo to apeak, a decrease, or dimiaation, of beat will of 
course diminish tho power of the springs. 

Now, if a body contained no heat at all — thongh we have no reason to 
suppose snch a body has ever yet been obtained — there would be, of 
course, no force of repulsion existing betveen its particles ; the foros 
of cohtiion would be left 
to work its own sweet 
will without let or hin- 
drance, though, nnder jrv^ter^ 
ordinary circumstances, "* ^ ■^- 
not without help. The 
help here referred toia~ 
thepittiurt of tht atmo- ^ 
tplure, the action < 

which we most now pi^ g 

make clear. 

Let us suppose that the block of stone represented m Ilg 8 is absolutely 
cold : then the force of cohesion is unhindered in its notion, which action 
tends to aoupress together the particles of stone forming tbe solid block. 
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Bnt tlie atmcnphers in which thii tni« of itona (tuds immened pnues 
npen It in the directiana indicBUd hj the arrowi A, B, O, D, E. becanM 
the air wbich inrronndt ths block on all lidei is oampreueil bj the atmo- 
•phere above it, ajid in it* atrngglea tor room in relating this comprewon 
it eierta aprasimra apon the block on all iti lidei. The tame thing hi.ppeni 
when a atone ia dropped into 
lea. In Fig. 9 the atone 
A, in making room for itaelf 
he water, haa to force awaj 
jnat as much water ai ocinipiei 
same Tolnme ai A, which 
water, being preeaed down 
from above, reaista thii dia- 
»ment b; A, and con- 
tinoaUj otcnpiea ita inflnenee 
11^ g_ in tending to remove A from 

the poaition It hu by naoipa- 
tion obtained in the water. The water, in foct, preasea npon A on all 
■idea, thai endeavouring, ai it were, to force it b&ck to the anrface of 
the water ; but, fuling that, the inBnence of the water npon A clearly 
is to oompraaa all its particle! togetber, as ahown b; the arrowi. 

Before leaviDK this part of onr anbject, it ahonld be remarked that the 
mm of the forcei acting npon A ia Fig. 9 ia clearl]' eqnal to the weight of 
jnat aa innoh of the liquid in which A ia immeraed h oeonpies the same 
volume aa A; in other words, "evtrp body immerKd in a liqaid U lub- 
Jeettd to an upieard prantre tqval toOte atigkS of Hit liqmd ditplaeed." 

To return to Fig. 8. The block there repreaanted ia immersed, not in 
a liquid, bnt in a gas, or, rather, a mixture of gases ; bnt thia gaaeoui 
hodj affect* the block in a manner similar to, though not with a force 
eqnal to, Uiat in which the liquid of Fig. 9 act* npon A — i.t., it exerts 
npon it a pressure equal to that of the preaanre of the atmoapheie npon 
■a many square inches as are equal to the eipoaed snrfaee of theblook; 
and the effect of thia presaore is clearly to aiaiat the force of cohesion in 
pressing together the particlea of the ttone. 

If, however, a body lioM contain boat, thia heat in almost every instanca 
occupies itself in holding asunder the particles of tbehody^ty., it retittt 
eny Comprffsston oftht body, and tejida to produce expansum of the body. 
In auoh caaea, then, we have two oppoaiog forces at work between the 
molecules of the body — viz., the attractive force of 0OHEHioN{assiBtedby 
the imoaPBIBIO FbESSDRS) and the repulsive force of KBA.T ; and there 
are three possible states in which these msy be relative to each other, viz. -. 
L niat In which tlie combined forces of Ciduiloii and Atmo- 
■phnie nroBsnre sxceed that of Heat : thia is the state in which are 
■II bodlea eiieting as solids or aa liquids. 
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s. That la TMcb t&e oomttlned forces of Cohaslon and Atmotp&etle 

FresioTe are ]nat balanced by that of Heat, or, in other words, that in 
irhich the expansive force of heat ii of a magDitude entctlf equal to the 
combined ■ttcttctive force* of cohesion and atmoBpherio prossnre. This is 
the condition in which a liquid body ia vhen jnat sbout to as^time the 
gAseoos state, when, in fact, the addition of hea-t in however small a 
quantity will convert the liquid into a gut, when, indeed, the addition of 
this extra beat will so increase the repulsion already eiiiting between 
the particles of the liquid tiiat the body becomes an example of the next 



3, That In vblcA the oomUued forces of Cohftelon and AtmoEpherlc 
?rMmir« are exceeded by that of Heat : this is the condition in whidi 

are all geees, inelading steam, which is simply gsaeons water, i.e. water 
in the state of gas. 

The present is a fitUng opportanity for eipUining the meaning of tlia 
terms "lalid, liqaid, and gat," a) used in works on iciencs. If s block 
of ice, taken at a temperature below the freezing point of water, be sub' 
jected to the action of heat, it gradually rises in iemperaturo (i.e. in 
amount of lentibtt heat, by which we mean heat which can be detected 
by a thermometer), and soon begins to melt, that is, to change from the 
tolid into the liquid state. If heat be applied to the ice tor a period 
suiBcieutly long, it will be found at last that all 
the ice has become changed to tcater ; in other 
words, the whole Inmp of aoIiiJ water haschanged 
to liquid water. But if the application of heat 
he still continued, the liquid water assumes ulti- 
mately a new form, n'z,, thatotifeam orfraieoTi) 
water. To observe these pheuomena, in the 
flask, F of Fig. 10, place a number of lumps of 
ice, apply heat by means of the spirit lamp, L, 
and watoh the saceeuive changes take place. 

If the mouth, H, of the flask were closed so 
that the steam conld not escape, then the ex- 
pansive force generated by the continued action 
of the heat would he so great that the flask would 
burst ; in other words, the force with which tlie 
particles of the water would be driven ssunder _. ,„ 

by the action of the heat would so gteatlj pre- 

ponderate over the attractive iofluences of cohesion and atmnspberio 
pressure, that the water particles (now in the shape of steam), in their 
extreme anxiety to get as far from one another as possible, would struggle 
■0 fiercely for room that it would become impossible for the sides of the 
flask to reust their ontward pressure, and the flask would consequently 
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burst asunder with a crash ; and so it would, were it made of brass. Tlie 
ezplosire power of confined steam is something tremendous; to its 
influence are due many useful as well as many disastrous occurrences : 
a steam-engine drawing a railway-train is an instance of the former ; the 
same engine, a shapeless wreck with a thousand fragments of its former 
machinery scattered far around, is a striking instance of the latter, and 
vividly illustrates the almost irresistible force of confined steam ; or, to 
put it another way, the tremendous power by which the particles of a 
gaseous body are driven asunder by the action of heat. 

With this previous explanation and illustration the reader will now be 
prepared for the following definitions of the three states or conditions 
of matter : — 

1. nie Solid state is that condition in which a mass of matter is when 
its particles are held together by forces which are not only sufficient to 
counteract the force, or forces, which tend to drive the particles asunder, 
but are so overwhelmingly greater than they that they maintain these 
particles in certain fixed positions, from which they cannot be moved 
without the expenditure of new force. 

2. The Llqiiid state is that condition of matter in which its particles 
are held together in a mass by forces which, though exceeding, or, at 
least equal to, the forces tending to thrust the particles asunder, yet do 
not so greatly exceed them as to be capable of preventing the particles 
from moving freely among one another. 

8. The Qaseons state is that condition in which is a mass of matter 
when its particles tend to fly asunder, and so to cause the body composed 
of those particles to fill all the unoccupied space into which it has the 
opportunity of expanding. 

From these definitions it will be observed that the characteristic mark 
of a 9olid is the fixed positions of its particles ; that of a liquid is the 
mobility of its particles among one another ; that of a gas, its tendency 
to occupy increased space. 

Beturning now to the consideration of Fig. 7, it becomes evident 
that the more the five balls, F, G, H, J, K, are driven together by any 
force, the shorter become the springs, and consequently the more great 
their resistance becomes. When therefore we bring a pressure to bear 
upon a quantity of air, we, in effect, force together its particles in spite 
of the resistance of (the springs or) the repulsive forces acting between 
them. It is clear, however, that just as the elastic force of the springs 
is increased by their being forced to occupy less space, so the elasticity 
of the air is also increased by its being rendered more dense. Further, 
we now understand why the air expands in Fig. 4 ; viz. , that since one-half 
the air is removed from J, there is nothing to resist the action of the 
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(springs, that is the) elastic force tending to thrust asunder the particles 
of air composing the remainder, which consequently take up positions so 
far apart that they occupy the whole of J. 

There is one other point to be noticed. It has been shown above that 
the tendency of any force operating in such a manner as to compress a 
body, i.e., to shorten the distance between its component particles, must 
be to increase the elasticity of that body by, so to speak, compressiDg the 
elastic springs acting between those particles. But if the strength and 
energy of those springs could be increased trithout compressing them, then 
the elasticity of a body might be increased icithout sutQecting it to com- 
pression. Now, experiments prove most clearly that the action of heat 
applied to bodies is almost invariably to increase their length and breadth 
and depth — ^in a word, to increase their volume; and this increase of volume 
can only be brought about by increasing the repulsive forces acting 
between the particles of the body, which, otherwise expressed, is, in- 
creasing the elasticity of the body. There are therefore two methods by 
which the elasticity of a body may be increased ; viz., first, by subjecting 
it to pressure in such a manner as to diminish its volume ; second, by 
subjecting it to heat without diminishing its volume. Gold, on the other 
hand, will of course diminish the elasti- 
city of a body. 

4. Ezperimental Proof of tlie Elas- 
tlGlty of the Air. 

(1.) In Pig. 11 let C be a cylinder open 
at both ends, but having its upper surface 
covered with a piece of wet bladder in 
such a manner as to be air-tight. The 
bladder having dried, the cylinder is 
placed upon the plate, P, of an air- 
pump, as shown in the figure. In this 
position the bladder remains as it was 
before placing it upon the plate, t.e., it 
continues to maintain a level surface, p|^^ 21. 

the reason being that at present the 

elasticity of the air confined in C is equal to that of the air pressing down- 
wards upon the bladder ; the bladder is therefore forced upwards with a 
pressure equal to that with which it is forced downwards. 

Now let the air from G be gradually removed by the air-pump, then 
the force pressing the bladder upwards will gradually diminish as succes- 
sive portions of the air.in G are withdrawn, while the pressure downwards 
upon the bladder will remain undiminished. The bladder accordingly 
assumes a concave shape when viewed from above, and finally bursts 
inwards with a loud report. 
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If, instead of exbaxutingthe cylinder, C, we condenu the air contained 
in it bj forcing in more air, then the bladder will present a convex sniface 
when viewed from above, and will at last bnrst upwards and outwards 
instead of downwards, because in that case the density of the enclosed 
air being much greater than that of the outside air, the elasticity also of 
the former will greatly exceed that of the latter, and therefore the force 
tending to press the bladder upwards will greatly exceed that tending 
to force it downwards, and hence the explosion and the circumstances 
thereof. 

(2.) Let B of Fig. 12 be the receiver of an air-pump, and let B be a 
small bladder partially filled with a very little air. Let the bladder be 
now closed by the stop-cock, S, and then let the receiver, B, be ex- 
hausted by means of the air-pump. Then it will be seen that the bladder 





Fig. la Pig. 18. 

will swell out gradually as the exhaustion proceeds. (See Hg. 13.) It 
may perhaps at last crack and burst if it be not a strong one. The reason 
is that the air enclosed in the bladder has a gpreater density, and therefore 
a greater elasticity, than the rarified air of B, and consequently exerts a 
greater force outwards upon the sides of the bladder than the rarified air 
does inwards ux>on them. 

(3. ) TorriceUian Experiment. Let us take the tube, A B (Fig. 14), which 
is about a yard long and not more than one-third of an inch broad, and 
fill it with mercury and then invert it into a cistern, C, of mercury. (See 
D E, Fig. 15.) It will then be found that the mercury will sink down to 
a level, L(Fig. 15), about thirty inches from that of the mercury in (thus 
leaving between D and L a vacuum) and will there remain stationary. 

It has been already explained that the regions of the atmosphere nearest 
the earth are in a state of compression, and that they consequently exert 
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a great pressure upon the surfaces of all things immersed in them, such 
pressure heing said to be caused by the dusticUy of the air. This pressure 
exerts itself therefore upon the surfaces of all liquids exposed to the air, 
and in consequence of the extreme facility with which the particles of 
liquids move among and about each other, it is easy to see that any liquid 
struggling to escape this downward force would move in any direction 
open to it, whether that direction be upwards or downwards, to right or to 
left. It is also clear that, besides other opposing forces, this compres- 
sion of the air, or rather the elasticity of the air 
caused by this compression, would prevent liquids 
from rising up in the air. When therefore the 
tube A B is inverted in O (as D £), we find, first, 
that the whole column of the contained mercury 
tends to sink down towards the earth, or rather 
the earth's centre, but to do so we see, secondly , 
that it must increase the amount of the mercury 
in C, and thus force up the level of the fluid in 
O in opposition to the opposing compressing force 
of the atmosphere, assisted by certain other forces. 
SupiMMiog, therefore, that the whole force exerted 
by the liquid in A 6, in its attempt to obey the law 
of gravitation (the effect of which force is called 
the foeight of the liquid contained in D E), is greater 
than the sum of the forces exerted upon the upper 
surface of the mercury in C, it is easy to see that 
the mercury in D E will begin to fall in the tube 
and to rise in G. But the farther the mercury faUs 
in D E the less becomes the weight of that remain- 
iDg therein, so that the less the force by which the 
level of the liquid is depressed in D E the less be- 
comes its tendency so to fall, till at last the weight 
of the mercury in D £ exactly equals that which 
the elasticity of the air over O can successfully 
resist; this state of matters being attained, the 
mercury sinks no more in D E, but remains 
stationary, as at the point L. Again, if we sup- 
pose the liquid to have settled at L, we see clearly that if the pres- 
sure of the atmosphere be in any way increased, the result must be 
an increase of the force which the surface of the mercury in O has to 
sustain, and consequently the greater is the anxiety it manifests to be 
out of the way of this superincumbent pressure ; the result is a rise in 
the level of the liquid above the point L at which it formerly stood 
stationary, for in its efforts to escape the increased atmospheric pressure 
the liquid in G forces a portion of itself into D E sufficient to render the 
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weigkt of the oontenta of D E equal to the utmost the preient atmo- 
spheric pressure can sustain. The greatest height of mercury thus main- 
tained in position hjthe atmospheric pressure is never much ahove thirty 
inches. 

Now, mercury is ahout 1^ times as heavy as water, consequently it 
is dear that 30 inches of mercury are as heavy as (30 inches x 13), 
«.e., about) 34 feet of water; we should therefore expect that if the 
atmospheric pressure can support the weight of 30 inches of mercury 
it could similarly sustain 34 feet of water, and in making pumps it is 
found that such is the case. 

This experiment has been utilised in making instruments called 
barometers. It has been explained above that an increase of atmospheric 
pressure forces up the mercury in D £ higher than it was at first, while 

a diminution of atmospheric pressure causes a de- 
pression of the level of the mercury contained in 
D £. Now the pressure of the atmosphere at any 
place varies from day to day and from hour to 
hour, consequently, the rise or fall of the liquid in 
such a position as D £ becomes a faithful index of 
the increase or diminution of atmospheric pressure, 
as the case may be. 

Such an arrangement as that shown in Hg. 15 
is called a barometer, in this cose very crude 
in its conception, and requiring many improve- 
ments which it is not at present our purpose to 
explain. 

(4.) We measure the elasticity of a body by the 
force it exerts, e,g., by the weight it can support, 
as in the following case. If one body can support 
twice as much pressure as another body, we say 
that the elastic force of the former is double that 
of the lattor; or if the same body under certain 
circumstances supports double the pressure that it 
does under certain other circumstances, we con- 
clude that the elasticity of the body in the first case is double of that it 
possesses in the second case. 

In the accompanying figure (16) let T T^ represent a long bent tube 
open at both ends, but having a stop-cock, S, by which the end T may 
be closed when desired. 

The stop'Oock being open, pour in a quantity of mercury sufficient to 
fill the bend of the tube to the level a ; then close the stop-cock and 
pour in more mercury at T. It will be observed that when left to itself 
the mercury does not now stand at the same level in both arms of the 
tube T, T^, but that the level in the arm T^ is much lower than that in T. 
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It now we aontmne to pour in msrcnry till tb* levol in tli« arm Ti ituidi 
at b — that u, half^icay httwten its latt juaition, a, and the atop-coek, S— ws 
■hall find tbftt the lerel Id the other irm, T, will be Juatthe lune number 
of inohea above the level 6, that a neigbbonring buometar rtandi at. 
Theie facte are thus eiplaiued : when both enda of T, T' are open, tLa 
merciU7 baa the game amount of pTeaaoie to iiutaiii in both anni of tlis 
tube ; bat when 3 i> ihut and more meretu; poured in at T, the air now 
endowed between a and S beoomee oompreiaed more and n 
loTol of the mercury below it riBes towardi S ; but (he n 
GOmpreiaed the tnoie ita elaatieity increoaei, 
and conaequentl; tha greater becomei the 
prenure which it eierta upon the ailTane- 
ing lerel of the liqaid in T^. But all thia 
time the preaanm of the atmoaphere upon 
the lerel of tha mercury in T remaina nn- 
ohaugedf conaequentlj, the more mercury 
we pour in, the more we increaae the differ* 
enee between the preBsurei exerted upon 
(be level of the liquid in T^ and that of the 
liquid in T. It ia therefore eaay to aee thnt 
the mercury, meeting with more reBistauce 
towards Ti than to wards T, will by preference 
riao rather in the latter than the former, ao 
that at firat aight it would appear probable 
that the liquid would not riae at all in Ti. 
But, if we condder a moment, it beooraea 
evident that auppoeing the liquid to be at 
a a, and more menmry to be poared down 
tlie tube through the fannel at T, tbe 
former level of the liquid in T mnat be 
preaaad downwardi not only by the ordi- 
nary Btmoipherie preaaure, bat alao by tlie ^g ia_ 
weight of the menmry newly poared in ; 

and (hii additional force, eierted with a downward tendenoy In T, 
goea to balanoe the force exerted (also with a downward tendency) by 
the increaae of elasticity of the air eacloaed in the arm T*; or, more eor- 
reotly apeaking, it ao thrusta down the level of the liquid in T that it 
forcea the level of (he liquid to riae in 1", thus eompreulng the air eon- 
(ainedln the arm T', and in thia way generating an inereuae of elaaticity 
in thia «r, which inoreaae of elaatioity goea to counteract the induence 
generating it with a force eonUnually aagmenticg till it ia at laat ot 
power Buffloient to effectually retfst (and thai neutrallas) tbe tendency 
of the liquid to riae towards S; at tUa p<nnt equilibrium la ealabliahed 
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Kow, aftor the olosiog of S, and before the addition of the new mer- 
cury, the elastic force of the air imprisoned between a and S was sufficient 
■imply to balance the elasticity of the free atmosphere at that moment, 
which elasticity is equal to the weight of a column of mercury of the same 
height as the distance between the second levels of the liquid in Tand T^. 
But after the level b is attained, the elastic force of the air between b 
and S is sufficiently great to balance the weight of twice the amount 
of mercury it did before, for it not only balances the atmospheric 
pressure upon the level of the liquid in T, but also the same amount 
of mercury that this atmospheric pressure (upon the liquid in T, that is) 
is capable of sustaining. Therefore, by diminishing the volume of the 
air in T^ to one-half, we have increased its elasticity to double that it 
was at first. 

And if, by the addition of still more mercury to the column in T, we 
continue to increase the upward pressure upon the level in T^ till we 
force it up to C, thus reducing the volume of the air confined in T^ to 
one-fourth its original volume, we shall find that the elasticity of this 
confined air has been thereby increased to four times its original amount, 
fur it now supports not only the atmospheric pressure, but also three 
times as many inches of mercury as are read at the moment upon a 
neighbouring barometer. 
By these and similar experiments we are led to observep that the 

increase of elasticity caused by an increase in the 
density of a gaseous body is in accordance with the 
following rule, called 
Mariotte't Law — If the Temperature remain con- 
atantf theUlasHc Force of a given mass of Oas 
varies inversely as its Volume, and directly as 
its Density. 
(6.) To show now that the elastic pressure of the 
atmosphere is exerted in every direction, we may tuko 
the Magdeburg Memispheres, Fig. 17. 

A and B are two hollow hemispheres made of brass, 
and with closely-fitting edges (e e). These having 
been well greased and put together, we experience 
no difficulty in separating them again so long as they 
contain air of the same density as that outside them, 
but as soon as the air has been exhausted from them, 
through the tube 0, we find it necessary to exerb 
great force before they can be separated from each other. The reason 
is that the elastic force pressing inwards upon them before the air was 
removed was counterbalanced by that of the air inside them ; but as soon 
as the inside air was removed there was nothing to counteract the inward 
pressure of the air outside them, and it became necessary, therefore, to 




PRELimNAKY. 17 

exert iitCBciBDi solmal force to oieriMima ib» eUatio (oroe of the nir before 
we could pull them aannder. 

Nov, u thii experimant ii eqnall; eSsctiTB in vimteTar position we 
bold the eppmtni, it ii oUar thet the elutic foroe of the air ii equal in 
■U diiectioni, 

B. Bcperimsntal Proof Ghat the Air bM Velsht.— Mnch of what wa 
h»e Bud depends apon the faot that iht air hai teeight, which amonata 
to the aame thing u ■B^inK that the air eiertB a steady prenaura tovaHi 
the centra of the earth, which preuura ii isdaced by the ictiaa of giavi- 

Tha following experimanla will illoatrato thia property 
of the air:— 

(1.) Let the globe O be GUed with air and weighed. 
Then let it be aihauated of air by meani at an air- 
pump and the atop-eock 0, and then weighed again i 
it will have loat as mnah weight as is equal to that of 
the til withdrawn. 

Jf.B. — At the temperatara of freedng water, end 
with the meronrial barometer itanding at 760 milli- 
metres (see aeB. 4), it is found that a litrt of air 
weighs l'S93 grammes : nuder the same conditians, a 
litre qfmUtr weighs 1000 gramine*. Hence 

Tba weig ht of a litre of wa ter _ 1000 ^ Fig. IB. 

Tha weight of a litre of air 1-2S3 ''' 

Bo that tKiier ii tinder theu tonditioiu 773 lima heavier than alnvMphtrie 

(2.) The rising of a ballooE, and of tmolie, in the air may also be talcen 
as indirect proofs that the air has weight. Balloons and amoks each rise 
through the atmospheric air because they are lighter than the volumes of 
air which the; reipectivelj displace. (Compare Fig. 9.) 

A balloon filled with B gas hearier than atmospheric nirwonld not rise, 
and smoke when it happens to be heavier than tbe air sinks to the earth. 

6. AqnAOtu V19011T In Its Belatlon to the AtmoBphere. — Beiidei 
the gases oxygen and nitrogen, of which air is prinoipally eomposed, 
there are other gaaei which, though existing in it in bnt relatively aniall 
quantities, are by no means unimportant as regards the phenomena to 
which they give rise. Perhaps the most important of these is Aqaeona 
Tapour— that Is. water in the gaseous condition. 

Pure water, whether it be in the solid condition (ss ite), or the liqnil 
eondition, or the gaaoons condition (as "Aqtieati* Vapour" m "tlrnm"), 
is eomposed of two gases, oxygen and hydrogen; indeed, if the steam 
generated in the vessel of Fig. 10 be driven through a poreelsln tuba 
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heated to intensity, it will be broken up by the heat into its constituent 
gases, oxygen and hydrogen. The young student will be interested to 
hear that although water will neither burn nor permit a candle or any 
such light to bum in it, yet one of its constituent gases— tIb., hydrogen — 
will bum in the air with a blue flame, but a light goes out when plunged 
into it. On the other hand, although oxygen itself will not bum in the 
air, a candle or other light when plunged into it bums most brilliantly; 
JO that by decomposing the water we obtain two gases, each possessing 
properties foreign to the water itself. Substances so combined as are 
oxygen and hydrogen in this case are said to be chemicallp united. 

The oxygen present in atmospheric air is not combined in this way with 
the nitrogen with which it is mixed. As found together in air, both the 
oxygen and the nitrogen retain their peculiar properties. Gases existing 
together in this condition are said to be mechanicaUp mixecL 

The heat of the sun as it shines upon the earth so acts as to oonrert the 
water upon the earth's surface into steam— i.e., invisible watery vapour. 
The same thing occurs when a kettle boils over the fire : steam leaves the 
spout of the kettle in an invisible condition, but coming then into con- 
tact with air much colder than itself, it loses heat and becomes vi8il>le as 
a kind of cloud. It is found by experiment that the hotter a mau of 
atmospheric air is, the greater is the quaTUitp of water which it can contain 
in an invisible condition cu watery vapour. When such a mass of air 
contains as much water in this way as is possible for it to hold in an 
invisible state, it is said to be saturated with vapour. 

With this explanation to help us, let us now trace all the changes 
which a quantity of water undergoes when boiled in a kettle. The 
first effect produced upon it by the heat is to raise its temperature up 
to the boiling point. The water then gradually converts to steam, 
which issues from the mouth of the kettle in an invisible condition, as 
may be observed by carefully examining the mouth of the kettle. Pass- 
ing now into the air which surrounds the kettle, and which is cooler than 
the steam itself, the steam loses some of its heat to the air with which it 
is in contact, and assumes the visible state, being now, in fact, a multi- 
tude of minute drops of water in the liquid form. These drops, being 
extremely small, float easily in the atmosphere until they either convert 
again to vapour, in consequence of their mixing with a larger body of air 
the heat of which is sufficient to maintain them in the gaseous condition, 
or are further cooled by contact with other cold bodies, in which case 
they unite with other neighbouring parfcides of water which are continu- 
ally forming under the influence of the cold to which the vapour is 
exposed, and the drops of water thus formed become at last so large and 
heavy that they no longer float in the air, but descend as drops of rain. 

Sometimes this cooling is so large and sudden that the watery vapour 
converts almost immediately to the solid condition, and then we get » 
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fall of inow instead of a ghower of rain ; in other words, we experience a 
fall of water in the solid instead of the liquid condition. 

Occasionally it happens that the drops of rain in their downwasd 
passage to the earth are frozen in consequence of the loss of heat they 
undergo in passing through layers of air colder than themselves : we then 
get a f aU of hail. 

Watery yaponr heing lighter than atmospheric air, it follows from 
what we have said ahove (sec. 5) that it always rises, when free to do so, 
into the higher regions of the atmosphere ; and the lighter this vapour is 
— ^that is, the less condensed it is— the higher it will rise ahove the earth. 
We thus understand, not only why clouds— which are really watery 
vapours in the visible condition — ^rise above the earth, but also why it is 
that the clouds known as rain-cUmda always float nearer the earth than 
the other clouds : for the rain-clouds are composed of the larger drops of 
water, and are therefore, as it were, the heavier clouds. 

Again, since watery vapour is lighter than atmespheric air, it follows 
that if there be an unusually large quantity of this vapour present in the 
atmosphere at any place, the pressure on the lower portions of the atmo- 
sphere (that is, those portions which are nearest the earth) will be leas 
than would be the case if this vapour were replaced by dry air; from 
which it follows that an increase in the amount of watery vapour present 
in the atmosphere will be indicated by a fall in the barometer. But the 
greater the quantity of vapour present in the atmosphere, the greater is 
the chance of rain : it is for this reason that a fall of the barometer is 
usually taken to foretell rain. 

We have so far spoken only of one means of cooling nir — viz., contact 
with colder bodies. There is another very important means of chilling 
air, and that is its own expansion. It has been already observed that air 
and other gases exhibit a characteristic tendency to expand so as to fill 
larger volumes : whenever they do sponianeously so expand they always 
do so at the expense of their ienaihle heat. This leads to an explanation. 
The total heat in any body may be roughly divided into two parts, one of 
-which is employed as a repulsive energy tending to force the body to 
expand, while the other part is occupied in giving the body that heat 
which may be felt by the hand or seen by the eye in its effect on a ther- 
mometer (sec. 29), and is hence known as aensihU heat. 

Because the former of these two kinds of heat is not discoverable by a 
thermometer, it is termed UtUnt (i.e., hidden) heal. If the block of ice 
in Fig. 10 be taken at a temperature lower than that of freezing water, 
it will, under the influence of the heat supplied it by the lamp, gradually 
become warmer and warmer until it reaches the temperature of freezing 
water. So far all the extra heat it has gained has been indicated by an 
increase of tentibiU heat ; but now a change takes place, for although the 
•damp still continues to supply heat to the contents of the flask (Fig. 10). 
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a thermometer placed therein fails to record any increase of heat. The 
reason is this : the heat which the lamp now supplies is all occupied in 
converting the ice into liquid water, and is thus becoming latent. Am 
soon, however, as this process is complete, and the whole body of ice at 
the temperature of freezing water has been converted into liquid water 
at that temperature, the additional heat which the lamp continues to 
supply shows itself as iensible heat by a gradual rise in the temperature 
of the water, and this continues till the water begins to boil — that is, to 
convert to steam. At this point there is another temporary stoppage in 
the rise of the thermometer : the heat is now employed in changing the 
water to steam, and thus becomes latent. 

With reference to water, then, we may say that latent heat is the 
heat employed in converting ice into water or water into iteam ; or, speaking 
more generally, we may say that latent heat is the heat employed in effecting 
a change in the physical state of a body — t.e., either in converting a solid 
if^io a liquid or a liquid into a gas. 

When a gas changes into a liquid, or a liquid into a solid, the latent 
heat in each case is given up by the body which contained it, and it has 
been found possible to use this heat in such a way as to make it clear that 
when a body of water converts to ice it parts with as much heat as would 
raise an equal weight of water through 79 '4" C. (or 143° F.) of tempera- 
ture, and in the same way that when a body of steam changes to water 
it parts with as much heat as would raise an equal weight of water 
through 537*2° C. (or 96r F.) of temperature. For this reason it is said 
that the latent heat oftoater is 79*4° C, and that the latent heat of steam 
is 537-2° 0. 

To return now to the point at which this explanation became necessary. 
We have said that whenever air expands spontaneously it undergoes a 
chilling ; in other words, its sensible heat undergoes a diminution, and 
evidently this is so in consequence of the conversion of a portion of the 
sensible heat into latent heat, this latent heat being required to enable 
the air to effect the expansion which takes place in its volume. But we 
have said also that an increase in the amount of watery vapour in the 
atmosphere causes a diminution of atmospheric pressure. Suppose, then, 
a stream of air laden with aqueous vapour beginning to pass through a 
region of the atmosphere where the air had been much less charged with 
such vapour : the consequence must be a diminution of the atmospheric 
pressure, resulting in an expansion of the air in the lower regions of the 
atmosphere. This expansion will cause a chilling of the expanding air, 
and this chilling will spread in all directions through the atmosphere, 
and lead to the condensation of aqueous vapour» the production of a doud 
in the sky, and perhaps a fall of rain. 

J^.B. — ^The present is a convenient opportunity for adding a few words 
on what is called the cold of evaporation. We may perhaps best explain 
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wbat is meant by this if ve deacribe that [dece of appu'atm which it 
oallBd the Cryoplunvt, i.e., the " ioB-carrier." Thii conaista of B bent 
tube with a bulb at each Bad. (See Qg. 18a.) In tha ooiutnietion of this 
apparatus care hai been taken to eipel the ail from it, ao that the tube 
and bulbt contain no gai, except the vapoat from tlie water in the bulb A. 

ThebulbAieplaced 

in an ampt; tumbler 
to keep it from the 

the bulb B it mr- 

TOQuded vith lumpa 
<if ice. The eonae- 
qnence of tbii poai- 
tiOD of the bolb B ia "°" 

that the TSponr in it oondenaei towat^r, and to take its place new Tapour 
ariaea, from the water in A, But to etFsot thia vaporiiation heat is required, 
and thii heat is supplied by part of the aensible heat of the water in A, 
which is thus rendered colder than it wai before. But, by the continued 
action of the ice aronnd the bulb B, thia new vaponr ia in turn eondenaed 
to water, and by this meana freih anppliea ot heat are withdrawn from 
the water in A till it at last becomes froaen. The heat thus abstracted 
from the water in A actually goes to melt the ice aurrounding B. 

T. The InfliiHice of AtmoaphSTlo Pressnra In BCHmtctlon trlth tlM 
Boning Point of Uqutdl.— In connection with Fig, 8 we have endeavoured 
to ahow that the pressure of the atmosphere npon hodiea immeraed in it, 
isoneot the chief agents by which the repnlnve action of heat ia opposed. 
To put this once more elearly before the young student, we laill remind 
him that there are two chief farcea tending to hold together the paiticlea 
of bodies, and these two forces are (I.) tht forct of coheiicn and (2.) the 
pre$iwt of the aimoiphen, and that the chief force by which the action 
of these two is opposed is heat. 

Now when a liquid begins to boU, it is In the act ot eoming to pitca, as 
it were ; its partioles begin, in fact, to exhibit a strong tendency to 
separate from each other, and it is slcar that the exhibition of thia 
tendency can only be acoounted for, on the snppositian that the repelling 
energy of the heat in the liquid ia greater Chan that of the force of 
eoheiion and ot the atmospheric pressure combined. From which it 
clearly follows that if the pressure of the atmosphere be diminished, 
a less degree of heat will snfBce to boll the liquid. It ia for this reason 
that liquids boil at a lower temperature high up on mountain ndes tiian 
they do at the sea-level. Tke lowering of the boiling point il about 1°C. 
forrrtrg 1000 ftet ofetevaHoTt. 

In consequence of thia depreaidon of the boiling point npon m 
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lidsa, it ii foand iiapouibla to cook food in open tumI* nndsr noli oir- 
Omnstuicei, for th* water boilt at m tampcnture whioh ii iniuffidsut fur 
•ofteaing the fibna of the TSgstablei, &e., whioh it ii denrad to cook. 
B? uiing oloMlf fitting ooren to tbs tshoIi, howerer, thii dif&anltf oaa 
be overcome. In the oloted tsubI of Fig. IB ths iteun, S, in it* snde&- 
Tonn to expand preiMi in all dinctioni, and 
ooDMiiuentlf eierta a downward preunra upon 
the water, W, the boiling of which ia therefora 
Tctarded until heat in ■ufflcient qnantitj to 
orercoma thit reiiitance Lai bean mpplied. 
B; thli amtngement the preunra due to ths 
proMnce of atflun abore the water ii made to 
■upplement the pnuura of the atmoiphere in 
preveDtiDfc the water from boiling. 

An jminiiifl and imtruotiTe ilioitration of 
the depeodeiKe of the boiling point upon 
^' '*' atmoepberic preBore 'a the foUomuK. In the 

open fluk, F, place a quantitj of Vater and boil it bj meant of a lamp or 
Banaen'tlmroer, L. Whan the water liai bmled briiklj for aome minutet, 
take away the lamp, allow the bubbling to oeaie, and quiokly place a 
iightly-fllttng cork in the month, H, of the flaik. 

it of pladng thia oork in it« poaition all the nppei part of 
tbe flaak ii filled with steam, for all ths air will 
hare been diiien ont Take now a ipougg full 
of cold water and aqaeeie its oontanta ont upon 
thia upper part of the flaak. By ao doing a 
gondeniation of the ataam in F la effected, and 
tlia water-dropa doe to thia oondeDiatioii eoUaot 
on ths odd lidei of the Baak. But by eon- 
denaing tbe iteam in thia way we ndoce the 
preaanre in F upon tbe water, W, and wa thna 
create condittoaa undBr which water reqairea 
leai heat than niual for ita bailing i the oon- 
aequenee 1>, that the water although dealdedly 
cooler than when it ceaaed to eServeaoe, ia 
yet warm enough to boU nndar Ita new 
draamataneea, it eonaaquently begina to 
bubble and i>oiI again, thoa praaenHng the 
lingular ipeotaols of water boiling in conaa- 
queoce of an application of cold water. 

8. AtmospbeTlB Onfrenta (iuvolrlng an ezplanatton of tlM Kzpuiflon 
of (Maei, the pilnelple of the Flre-BaUoon, ths oftiuea of tha 
Trad»-Vlnd*), uid ths pilndplea of TsntU&tloi). 
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(1.) The Expaniion of CfaaeB by Beat — In the aeoompanying figure let 
F be a flask oontaiiiing air at the ordinary temperature; and through 
the cork, G, which miufc fit air-tight, pasa the tube T, T containing a 
quantity of liquid, L. 

Now if the fiask, F, be heated by holding it between the hands, or by 
any other method, the level of the liquid^ L, will descend in that branch 
of the tube which is nearest the flask, and rise up in the other branch. 
The reason is that the air confined in F expands under the influence of the 
extra heat supplied to it, and it effects this expansion by forcing the 
liquid, L, before it. 

We have here an example of the expansion which gases undergo under 
the action of heat : other gases undergo similar 
expansions under similar circumstances. 

In the accompanying figure (Fig. 21) it is evi- 
dent that the air in F is able to drive the liquid 
before it, because its elasticity exceeds that of 
the air outside the flask. If, however, the ap- 
paratus be allowed to cool again, the liquid will 
presently resume its former position, and if the 
flask, F, be now placed in a vessel of ice it is 
dear that the elasticity of the air in F will 
become less, because of the cooling it will 
undergo ; the consequence will be that the level 
of the liquid will rise in that arm of the tube 
nearest F, and fall in the other arm. The liquid 
in each case moves towctrde that quarter in which 
the pressure (arisiDg from the elasticity) is the ^- ^^* 

least, which, in this case, is the same as saying that it moves from the 
warmer towards the colder quarter. Advantage has been taken of this 
fact to construct what is called 

Tbe Differential Thermometer. This is an instrument for determining 
by how many degrees one of two liquids is hotter than the other. The 
apparatus consists of two flasks, F, F\ joined by a tube, TT. 

When both the flasks (which should be of equal capacities) are at the 
same temperature the elasticity of the gas (usually air) in the one is equal 
|o that in the other ; consequently the levels of the liquid in TT coincide 
at the points marked O^ 

But if the flask, F, be immersed in a liquid of a certain temperature, 
while F^ is immersed in another liquid which is 6^ warmer, the level of 
the liquid in TT will rise in the arm of the tube nearest F to the point 
marked 6% and will of course descend an equal distance on the side 
nearest F^. It is thus possible by this instrument to determine by how 
many degrees one liquid is hotter than another, without knowing the 
actual temperature of either of them. 
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n Uka anj givan balk of mir, and fancy it an- 
elMcd in an impoDderabla globe and loipauded in tha air ; it will 
■wither liie nor fall ; bnt if we now imagine it made hotter wbile the nu- 

tempeiktuTR, it will follow that, 
U the globe whioh eneuea it 
offer no reiiitauce, the globe of 
til will gain in balk but not in 
weight ; in other worda, the 
heated ur will become voiame 
for Tolume lighter than the air 
which lomiiuida it. Now thia 
expauiion of the given Tolnroe of 
air i* effected b; meaui el heat, 
and the parttcnlar qiuntity of 
heat occupied in effecting thia 
eipanaioa ia exactlj equal to 
that hj which the inereue of 
tempentnn waa, in the Gnt 
place, aoppoasd to be eflaoted ia 
When, therefore, the eipanaioD ia com- 
eqoal temperature with that 
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onr Imagiiury globe of air. 

plated, the air within the globe if leEt 

But of two given bodiea of ur (or other gaa) 
that one will hare the greateit eluticitf wlioie deaait; ia the greateat ; 
conaaqiieDtly the eUatidty of the air in oui imaginary globe will be leia 
than that of the air Bniroanding it ; it will oanaeqaently not be able to 
maintain ita pontion, and will be forced to aacead till it reachea a region 
where the denaity, and therefore the elaaticity, of the air aumranding it 
ii eqnal to ita own, and there it will reat. From all which it ia clear that 
heattd air hat a ttndtnqi to ritt Uraardt the higher rtgiont 0/ tht altaotpAtrt, 
and, at a matter 0/ fact, tUa to rue when free to do to, and farther, that 
thit upieard motionceata to toon at tht aicendiiig air reaiAti a pOitU at 
uAieh the tlattieiif of the rurrounding air it tqual to itt otnt. 

We are now ready to nnderatand 

(2;) The Prineiple of tht Firt Batlaon.—A. fire balloon it a hoUow 
iphere containing atmoipharic air. At the lower part of it there i* an 
opening, and below thia opening ia a veiiel for containing fire. Thia 
Are canaea a oamnt of heated air to nie through the opening in tha 
balloon, and aa thii hot air b lighter than the colder air which larronnda 
it, the balloon riiea for reaaona aiinilax to thoie aet forth in lection 6. 

(3.) Trade Ftndt.— IthaiDowbeenmadeiufflciently cIeaTt)iatdr,rar- 
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rounded by other air len heated than itself, will rise np from the earth. 
Now the sun as it shines upon the earth does not heat all parts of it to 
an eqnal degree ; it is well known that the air vnthin the tropics is 
rendered much hotter in consequence of the sun^s action than that in 
latitudes north and south of the tropics. Consequently, there is a con- 
tinual upward stream of heated air from this hotter region, and the place 
of this air is taken by the colder air which rushes from the colder regions 
north and south of the tropics. 

Now, if the earth were a body without motion, the consequence of this 
continual displacement of air would be a regular north wind in the 
northern hemisphere of the earth, and a south wind in the southern 
hemisphere. But, as the earth is in a state of constant revolution from 
west to east, it follows — ^from 
the state of association which P^ 

obtains between the earth and 
the atmosphere (see § 2)— that 
the atmosphere itself is also in 
a similar state of revolution. 

In Fig. 23 let the line FF^ re- 
present the axis of the earth, and J, 
E£ the equator. It is evident 
that while the earth revolves 
about its axis, F F^, any point 
on the equator must perform a 
greater journey in a given time 
than any other point north or 
south of the equator ; from 
which it follows that the velo- 
city of a point situated on the 
earth's equator is greater than that of a point situated north or south 
of the equator ; from which it again follows that those parts of the 
atmosphere, which are situated north or south of the earth's equator, 
move with less velocity than those immediately over the equator. 

When, therefore, a current of air sets towards the equator from the 
northern hemisphere, it approaches a region where the velocity of the 
earth and the air in moving eastwards is greater than its own: to a 
person situated, therefore, at the equator such a current appeart to have 
somewhat of a westerly direction, because if he stands with his face 
towards the east he strikes the air with his face, but being uneonseioia 
of hit own motion^ he judges that the air must be in motion, and that in a 
direction contrary to that in which he himself is moving. Let us suppose 
two trains moving eastwards with different rapidities on the same line of 
rails, and let us suppose that the quicker of the two is some distance 
behind the othert Suppose now a passenger in the quicker train, unoon- 




Fig. 28. 
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foionB that his train ia in motion ; as loon as the ooUiBion oeeun he will 
oonfidentlj affirm that the train with which his train has eome in con- 
tact was moving westwards when the disaster oconrred, whereas it was 
aotuallj moving in the opposite direction. In tho same way, therefore, 
does a person at the equator judge of the wind which blows from the 
north : to him it seems to come from the north-east, because it appears 
to proceed towards the south-west. The wind coming from the regions 
south of the equator is known as a south-east wind because it appears 
to proceed towards the north-west. 

Because these winds blow regularly and almost uninterruptedly during 
certain seasons of the year they have been found of much service to 
mariners, and are of great importance therefore in commerce ; henoe they 
have been called Trade Winds. 





Fig. 24. 



Fig: 25. 



(4.) The Principles of Ventilation,-~lnto a shallow vessel of water stand 

the glass chimney of an or- 
I dinary paratfin lamp, and 
let a lighted taper float 
upon the water in the 
chimney, as shown in the 
figure. It is found that 
the taper soon goes out. 
The reason is that the 
candle when burning cre- 
ates a gas called carbonic 
acid gas; in this gas no 
lighted candle can live. 
Still this gas, and the air 
remaining in the chimney, being hot, would rise up and make room for 
new supplies of air if it were free to do so, but the fact is that a kind 
of fight takes place at the top, T, of the chimney ; the hot air struggles 
to rush upwards, and the cold air struggles to rush downwards through 
T, and the consequence is, that while this struggle is proceeding the 
taper below dies from starvation (t.«., from want of a proper supply 
of fresh air) and from poison (t.^., from the mischievous effects of 
the gas it has itself produced). Now, in order to enable the taper to 
bum in this apparatus all we need do is to place a kind of thin partition 
in the chimney at T ; a bit of tin will do. (See Fig. 25.) As soon as this 
is put into the chimney at T the hot air rises on one side of the tin, and 
the cold air descends on the other side. This is an instance of ventilation. 
Now, it is well known that man, and, in fact, every animal, when 
breathing gives out the same gases from his body that a candle produces 
when it is burning in the air. Of these gases there are two, viz., watery 
vapour and carbonic acid gas. Heat also is produced in both cases. And 
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further, tlie effect of carbonic acid gas is the same upon animal life as 
upon a lighted candle ; it is a poison to both of them. 

It thus becomes necessary to provide our rooms with means for remov- 
ing the air rendered impure by being breathed, and for bringing in fresh 
supplies of purer air. The most ready means for effecting this is the fire, 
from which a current of air continually ascends up the chimney, and 
towards which there is therefore a constant current of air from other 
parts of the room. 

Again, another method is to place revolving or other ventilators in 
the ceiling of the room to be ventilated ; the air as it leaves our bodies 
is always hot, it consequently rises and so escapes through the ventilators 
placed conveniently for that purpose. 

All plans for ventilating our dwelling-rooms must evidently depend 
upon the circulation of the air in them. The general course of this cir- 
culation may be thus described. There is an indraught of air beneath 
the bottom of the door and through other apertures towards the floor of 
a room ; the greater part of this air proceeds straight to the fire-place 
where a portion of it is drawn into the chimney current, and so regains 
the outside of the house, while the remaining portion, having been heated 
in consequence of its proximity to the fire, rises up before the fire and 
thus reaches the ceiling ; here it spreads out, and after a while becoming 
cooler than it was on rising, it begins to descend again, and once more 
crossing the floor of the room is again drawn into the current which is 
setting towards the fire-place. From this explanation it is evident that 
1st. If we wish to get rid of the hot air from a room we must provide 

it a means of egress from the upper part of the room. 
2d. If we place a bit of musk on the mantel-piece in a room in which 
a fire is burning, the persons near the walls and the door will 
smell it sooner than one who sits before the fire. 
3d. That a lighted candle placed at the bottom of the door in the 
inside of a warm room will have its flame blown intoards, but 
placed at the top of the door will have its flame blown outtoards. 

9. The Alr-Pnmp. — It now becomes necessary to explain the construc- 
tion and uses of the air-pump. In the accompanying figure (26) the piston, 
P, works up and down in the barrel, BB. In this piston is a valve, V, 
the action of which is assisted by the spring represented in the figure. 
B is a conieal stopper constructed to exactly fit the entrance to the 
passage, AA. This stopper is attached to a rod which passes up through 
the piston, and carries a button by which the extent of its upward pro- 
gress is limited. B is the receiver of the air-pump ; it is generally of glass, 
and is the vessel into which objects are placed when it is desired to 
observe the effects produced upon them by depriving them of air. It 
rests upon the highly polished plate of glass or brass, G6. The stopcock, 
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S, t« ONd tA sat off CI 



anioation bettreen R ■ 



■ q)psT*ita>, and thai diminiih the ohkoiiea 

SappoM th« pi)ton, P, to iMgIn to dexwnd ; ai it doei to it carri** 
dawn with it the rod, OE, uid tha itoppsT, E, tbns olaiiog ths entnno* 
to tha tuba, AA. The puton uoir ilidee down the tod, CE, ud tbere- 
tora the lir below the piston beoomei eompraiied, andeonieqtjentlrforeM 
it* w«7 oat throagh V. Tha piitoD haTing nuhed the bottom of the 
bural auiy dow b* enppoaad to uceod ; Id k doing it at Ant curiei np 
tbe rod, OE, with It, thne re-aitabliihlng the eonneotioD bstwaen tha 
bural, BB. and tha tuba, A A. The upward procnu of CE is ■oon, how- 
•var, izmted hj the button, ; the piiton therefore elidee ap tha rod. 




MOD a* the npwerd motion of the [drton oommaneei, there Ii 
r of the onler tir t« enter tha barrel throagh the Telre, V. 
Thli tendanoj, uilited bj the action of the ipring abore tha rajve, 
imtnediatelf slowa it ; therefore, in tlie act of aicending, the piatOQ will 
remove from the apparatoi u much of its eoDtenti u ii equal to tha 
eubtoal (pace denribed bj the plitou in palling from iti loweit to its 
higheat potitioD* in the barraL 

It will be arident, howeTer, from what we bare aaid on gatea (aea § 3), 
Uiat a* aooD as a oertain qoautity of air hea been thus remored tha 
remainder will immediately eipaod to occupy tha apaoa originallr filled 
bf the whole of the air; in other words, each ttroke of tbe air-pump will 
leave tha quantity of air in the apparatus len in weight, but not leas ia 
Tolama. Let it be eapposed that each stroke removes one-tenth of tha 
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contents of the receiver ; then it is clear that the weight of air remaining 
in K after each stroke is nine-tenths of that in R htfort that stroke, from 
which it if easy to see that althcrngk toe can reduce the air in R to a very 
fine degree qf rarity^ toe can never produce in it a perfect vacuum, heoaase^ 
after the last stroke made there will be, say, nine-tenths of the air 
remaining in it that was there after the stroke before it. 

Another cause preventing the obtaining a perfect vacunm by means of 
an air-pump, is the unavoidable imperfections of the apparatus. 

In order to have some indication of the state of exhaustion of the air 
in B at any particular point of our experimenting with it, a mercurial 
ffo/uffe represented by the bent tube, M, in Fig. 26, is employed. The 
mercury in the. cistern, N, is open to the atmospheric pressure of the air 
outside the apparatus, and that in the tube, M, is similarly subject to the 
pressure of the air ineide the receiver, B. When therefore the air vrithiny 
and the air without B, are of the same elasticity, the mercury in M is of 
the same height as that in N. But when, by the action of the pump, the 
density of the air in B is less than that outside- it, the mercury begins to 
rise in M, and it is evident that if a perfect vacuum could be produced in 
B, the height of the mercury in M would correspond to the reading on 
a neighbouring barometer. (See § 4, Fig. 14.) 

There are many forms of the air-pump ; into a description of these it 
is not our present purpose, however, to enter. 
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10. KKttn Kitd Motlim.— The word matter u eommonlf iu«dt(isgiiif<r 
anjilKitig tckitA luu vxifflU, wLatber it be a >o1id, a liquid, or ■ gu ; ja 
fut, It ii OBQil to ipe&k of mutter (u euitins in the Uu«e different formi 
of (olid, liqnid, uid gaaeoiu. {S 3). 

We wiih to apeiLk fint of the Iroiwlatton of nutter, *.«., of itc bring 
TemoTed from one place to another. 

If the man A (Fig. 2T), wiabes to give sixpence to B, be wiebee to 
effect > tranilatiDii of natter from i. taB ; now he maj do thi* in 




several ways ; for Bjamplo, he may thiov it to B, or be may give it to 
the boj irbo will page it to D, and »o on to B ; in this latter cue the 
matter (the liipenoo) passes from A to B by itsgee, 

Nov let us suppoae that instead of wishing to give B a nipence, A 
wishes to giTe him a blow in the chest without either of them ihiftiog 
their positioni ; be maj take a long pole of wood and strike B with the 
end of that, or, he may atrike C and may strike D and >o on ; and in 
thia way a nwtian gtarting from A may be propagated from A tc B, and 
if each of the persons, O, D, £, F, G, H, gives up tbe blow exactly ■■ 
forcibly as he TeeeiTea it, we may tben say that Ae motion i* tranilated 
unimpured from A to B. 

Here we hare obtained some idea of a proposition we wiib to establish, 
vis., that motion, lite matter, can bt trandaltd from one place t« anoOier, 
and that, either directly, by meios of a rigid body (cff., a pole of wood) 
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or, bjritogei, lifmouunt BmiDiberof iDtsTTeiilngkg«iiti(«.p.,annmlMr 
<if ba;s itanding in a line). 

In Fig. 28 the man at B i( gnppoMd uiTiinu to man tb« end of -tba 
rope, BA, to vibrate at A, t-C to more npirardi and dovnwardi ; he san 
do thi> by tfmply liftinK the end, B, ap and down wTeral timea, wbere- 
npon ■ kind of hamp will run along the rope (rom B to A, u lepreHnted 
by the dotted line in tbe flgnrs. Here than we tee another and mora 
utisfBatoi? iaatauee of the traniUtlou of motion from one place to 




rig. as. 

another, the motion in thii oaae being propagated through a lalid, vis., 
the ropa AB. 

Again, when we drop a pebble into etill WRter, we notice that a teriM 
of waree itarts from tbe point where the pebble atnick the water, and 
traTcli oatwBrda from that point in Doncentrio oirclea. In tbii oace ws 
have a tranelalion of motion through a liquid, tor tbe agitatioD of tho 
watei-at tbe point whan the pebble atmck it ii oommnnicated to the 
water mrToanding tbat point, and i« by it again tranimittod to the water 
■tiU further from the point of agitation, the motion being in thii manner 
propagated from ptnnt to point, till it at ■ 
lait reaehei that portion of the water 
I ' ________^__ fartbeatfrom theoentre of diitorbanoe. 

Fig. 29 repremnta a number of ivory 

balli Hupended b; light threadi; if 

the ball A be pulled a email diitanee to 

the left and then let go it will return 

^wlth luffident force to cury it ao far 

beyond ita firat poaition that it witl 

atrike B, whloh will tboa be diiren tor. 

wardi to atrike C, and will then atiike 

D, D will then itrike E, and B will 

atrike F, driving It forward to F*. Here 

flg_ 2f. *^ **' motion truiimitted through a 

ayatam of dilconneeltd tolid bodia. 

Take, now, a Uniag-fork, and oauaa it to vibrate In the poaition A, 

tliu prodnaing a certain mtafal note. This note ia clearly heard by tha 
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Dun >t B. (0 thst bete we lee tliat a tomdlmig pauM tliraiigb tbe air 
from A to B ; wh&t ii thit Hmethmg wbiob M puMi, uid whiob, itiiking 
t^MHi our can, eaiua* the lenutios of " Sound." It ii lappoud to be 
motim and to act thu : — The tnnins-fork whao ■onnduii ia nndoDbtcdlj 
in a rtate of mrj n{rid motion, u *e aball ahaw bajow ; thii motkm it 
9 tboea partiolet of the atmofphere «bioh are io eloM 
t; to it, and tb*M *(aln c«nmam«atB tlte Motion to the parta of 




Fig. so. 

tha atmoiphere mora diitant than themielTee from A, and the n 
thai propagated froni piHnt to poiot of the atmoiphen ii i 






I, and there caaiea the 



mmiiaaled to the air in t! 
■enution of toand. 

If the propa^tioD of aoiind then be, aa ii beliaTed, a propa^tioa of 
motion from partide to particle of the atDiaaphere, we hare in aoond an 
imttiice of OulranAitio* 0/ motion Oam^h agateinu body. 







AgMQ, a man, H, floating upon the mfice of the lea, bean tun nporta 
cS a gan fired onet *t 3 : the firet report nacbei him thnmgh the water, 
the Mcond oomei to him tbrongh the air, tbtu illiutnitiiig the fact that 
liqaidi codto; Kinnda with greater rapidi^ than gasei, becania of the 
greater elaetioit; of the fonner at oompared with iti denaitr. 

Onoa mora, it ii to be remarked that fiahea are (applied with anditoTjr 
appantng (£.&, appaiatni for diitingnisbing uonda), which giraa ni 
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reiaon to luppote ihal tbaj aan haar, uid tbsrefore tlut Hnmd ia tnii>- 
mitted bf vatcr. If, then, ■onnd ba produced bj nuticm, theie two 
eiperiment* ahow ni that nwfion con be tmndattd tArcnvA a tijwij bjr it$ 

And jst (igain, let tha mkn A dighUf lenitoh hii end of the rod; 
then thsDoiiB made by thUMntdiiiiK mi; be quite inaudible to Ui« nun 
C, itonding aw«; from the rod, and ;et ha diiUnotly heard by the tnora 




Plff.8?. 
distant hoy B, who haj Iiie tax placed clou ta the end ot the rod, thni 
proving that a btam or rod of wood mag amveg [tound, i«. ) motion wwre 
perf telly than thx aw, 

Anodier expatiment of the ntnie kind <i the following:— A penon 
■tauding at one end of > long imn railing geta hia friend to atrike once the 
long iron rod at the top of the railing. Th« man who ia 
two Teporta of the blow, the fint 
reachea him through the iron (which 
coudnot* aoand fifteen timea aa faat 
a* the ur), the aecand throngh the 
air. Thii experiment fomiihea oa 
with another illaatratioa of Ou trana* 
bfion of motion through a tolid. 

We bare now ihown that motion 
ia propagated by lolida, hy liquida, 
and by the air, which ia a jnixture 
of oertajn gasea. Tale, bow, a glaaa /fZ^^^B 

Teaael, F, and plaae in it aema pieoea [( " T^B 
of zino, then pour witei down the ^M^^^^^p* 
fnnnel, P, to cover the lino, then . ^i 

add a amall quantity of anlphurio —^ „ 

aeid by pouing it alao through P. 

A gaa eaUed hydrogtn will then be evolved from the oontanta of tha 
veaael, F, and riaing up through tbe glan tubing, O, will paaa awaj by 
the indianibber tnUng, B. into a anitable reaervoir, wbete it may be 
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reserred till wanted. This hydrogen is the lightest of all gases, and 
as we shall hereafter show, although a sound produced in hydrogen Is 
much feebler than one produced, under otherwise similar circumstances, 
in air, it is yet possible to distinguish a sound produced in hydrogen. 
^t is thus shown that, since sound is produced by motion, motion can 
he translated from place to place by the lightest of all gases. 

Now comes the question, '*'l8 there anything lighter than the lightest 
gas?'* The existence of such a substance has not been proved by an ex- 
periment, but it is on very good grounds suspected, or rather, as9um«(2, that 
pervading all space not actually occupied by heavy material particles (t.&, 
particles of matter), there is a certain fluid called etheVf so extremely light 
as to be practically, though not actually, imponderable. It is supposed 
that this ether not only stretches far away beyond our atmosphere, filling 
up the vast spaces between the heavenly bodies, but that it also occupies 
all the otherwise vacant space between the particles composing the at- 
mosphere, those composing the waters of the ocean, and those composing 
all other bodies, solid, liquid, and gaseous. It is also supposed that the 
sensations of light and heat are produced in us by vibratory motions im- 
parted to this ether by the sun and other bodies giving out light and heat, 
and conveyed by it to our nerves ; if this be so, then are we justified in 
saying that motion can be transmitted by the extremely (thin, or) rare 
ether, and also in remarking that motion can be, and ever is, translated 
from place to place not only by every form of matter, t.^., by everything 
possessing weight, but also by the ether, which may almost be regarded as 
an imponderable substance ; in a word, there is nothing so light as to be 
incapable of transmitting some kind of motion. 

11. Waves. A consideration of several of the examples we have already 
given of the translation of motion from place to place would lead us to 
suspect that most of, if not all, such translations are effected by to and 
fro^ or up and down movements of the particles through which such 
motion is propagated. It is supposed that sound, light, and heat are all 
propagated by such movements, to which the term vibroitUms has been 
applied. This term requires a little explanation : 

(1.) A pendulum, as it oscillates backwards and forwards, is said to 
vibrate, and the movement of the pendulum in one direction is called in 
France an oscillation or vibration, while its motion both backwards and 
forwards constitutes a complete or double vibration, but in England and in 
Germany this double or complete vibration is called a vibration, the motion 
of the vibrating body in one direction only being termed a semi-vibration. 
The time occupied by a pendulum in making a vibration is called the 
period of the vibration, and the distance (usually measured in degrees of 
an arc) through which the pendulum travels in passing from one extreme 
position to another, e.g., from P to V (Fig. 34), is called in England the 
amplitude of the vibration. 
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Fig. 84. 



To avoid any conf anon we will here explain ihat in the following pages 
the motion of the pendulum, M, from P to F and back will he called a 
vibration^ the time oooupied in this motion will be called the period of the 
vibration, and the distance from 
P to F will be called the ampli- 
tilde of the idbration. 

Let us now take our stand by a 
field of waving com ; we shall 
see that the progress of each 
i^ave from one side of the field 
to the other can easily be ob« 
served, and that though the 
ripened ears of com make only 
a small vibra/tion to and fro, 
the wave itself traverses the whole 
width of the field. The ears of 
com in this case behave like 
inverted pendulums, and their 
action illustrates the proposition we wish to establish, viz., that 
there is a distinct difference to he observed between the onward motion 
of a wave itself and the vibratory motion of the particles which at any 
moment constitute the wave. In Fig. 34 above, the suspended balls move 
forwards in one direction, and backwards in another, whereas the motion 
of the so-called wave itself {i.e,, the motion translated), is in one direc- 
tion only, viz., from left to right, 

To obtfdn a clearer idea of this proposition, let us take up a position by 
the side of a river, and watch the pieces of wood floating down with the 
stream to the sea. ^ere we have the waters of the river actually moving 
forward in a certain definite direction, thus providing us with an instance 
of the translation of matter ; for of course we regard the water particles 
as particles of matter. Here also we see that the translation of particles 
of one kind of matter may cause the translation with them of other 
particles of a different kind of matter, viz., solid particles of wood 
travelling upon liquid particles of water. Leaving the river's side we 
make our way now to the sea^side, and there occupy ourselves in watch- 
ing the great waves rolling in towards the land. At some little distance 
from the beach we may notice a quantity of sea- weed dancing up and 
down upon the surface of the water, and if we narrowly observe it, we 
shall find that though it is ever in motion, now rising high upon the 
crest of a wave, and now sinking down into the depths of its trough, it 
still remains at about the same distance from us, neither advancing 
towards us nor receding from us. If now there was in the sea at this 
point a continual translation of matter, as there was in the river beside 
whose water we lately stood, it would seem that the sea-weed should be 
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curied Blong in k diieotion coinoidiog with that in which the water wm 
moring ; Meing, then, that the lea-weed doei hot change iti poaitioa, vs 
oonolnde that the water npon whioh it floati doei not aofter inf tnuu- 
lation from oas place to Another, althangh it oertainlf i* ever in motion, 
uid although wsTei are moat oertiuni/ continually tiavening iti nufaoeL 

It ma; eaiil; be ihown that an up and dotcn motioii of the partiolel 
o( k bodf would oauie the iranilation of a wave from one point ta 
another, whioh amoontc to ahowing that a wave mag be Muted to raoav 
from one point to anoDitr through that body, bg tkt vibraiorp motion 0/ ill 
partictei, in a dirtctioa at right angta to that in vhith the tcave protttdl. 

In the aecompanTing diagram (Fig. 35), let the reotanglee oA, bB, eO, 
&0., repreient tba ipacea through whioh the partidea in theae lectanglaa 
t f B h i i t I , 
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haTe power to move op and down, and lot the cirolea nnmbered with a 
Bgnre 1 repreaent the partiolea forming the aurfaoe of the wave whoaa 
ereat ia at p, and the lowest parU of whoaa depreiaioni are at G and T. 
Then it ia clear that the particle at p ia at the fartheit limit of ita eiour- 
aion tipwardi, and that thoae st G and Y are at the farthett limit of 
their eicunioHi dtfwnvardi, and it ia in haimon; with thia to auppos* 
that the particlea in the apices A to F are all dacendinff, thoae in the 
■pioa H to O attending, thoie from Q to X detcending, while Z ia alao 
eteeriding. Under these eiceumstoncea the aurfaee of the wave is lepre- 
lented b; the thicic line drawn through the particlee nnmbered 1. 

Let ua now auppoie that the particle at p begin* to deaoend, and oon- 
tinuei to do so till It bai gained the ipaoe ! below it 1 by this time the 
particle O has gained ita highest position and now fonna the cnst of the 
wave, the whole anrfice of which Is npreaented by the dotted shapes 
numbered 2. 
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Supposing now that the particle at P oontinnes its downward course 
till it rests at 3, it is clear that the crest of the wave will then be at n, 
and that the circles numbered 3 will represent the surface of the wave at 
this moment. 

Without giving this as an exact explanation of the manner in which 
a wave is actually propagated through a body, we may use it to show that 
there are tvfo dittinct movements to be observed in wave motion, viz., 1st, 
the onward motion of the wave itself (which is simply a translation of 
motion), and 2nd, the vibratory motion of the particles of the body through 
which the wave is propagated, this vibratory motion being really a trans- 
lation of matter {viz., the individual patticles of the body), alternately 
upwards and downwards through a limited space. It also serves to show 
that a roave may be propagated in a certain given direction by the move- 
ments of particles of matter oscillating in a direction at right angles to that 
in which the resuUant wave tra^s. 

And further it assists us to a right conception of what a wave is, vis,, 
that it is simply the propagation of a form or shape (and therefore does 
not imply a translation of matter in the direction in which it is itself 
propagated). 

Further, if we apply the above conception to a water-wave,* and then 
further conceive a chip of wood (or bit of sea-weed) so extremely small 
as to rest on one alone of the water particles represented in the figure* 
B&jp, then it is clear that such chip receiving its support solely from ji 
must rise as p rises and sink as it Binks« and being (as we suppose) 
subject to no other influence than that exerted upon it by the water 
upon which it rests, cannot do otherwise than, rise and fall with the 
water without suffering the least translation whatever, except such as is 
also exi>erienced by p ; and since we have supposed that p simply oscil- 
lates up and down in its own rectangle, it follows that the only effect of 
the wave upon the chip will be to cause it to dance up and down with 
the surface of the water upon which it rests. 

And, once more, it is clear that while the particle at G («.«., at the 
lowest point in the trough of the wave) performs the journey to g and 
back, the whole wave will have travelled so far to the left as to bring in 
succession all the particles between T and G to the lowest points of their 
respective excursions, thus causing the trough of the wave at T to travel 
to G : this distance, viz., YQ, is called the wave-length, and may be defined 
as the distance travelled by the wave itself during a complete vibration of one 
of the particles of the body through which it travels. 

As above explained, the period or tim£ of vibraiion is the time occupied 
by a vibrating particle in performing a complete vibration. Now, as we 

* This idea of the manner in which a ware may be propagated does not pretend 
to acientiflo aocuiacy, though it serves its purpose well enough with young 
students. 
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shall see later on, a soand-wave traveU through water at the rate of 
4708 feet per second ; if, then, we suppose that the bell which produces 
the sound makes 450 vibrations per second, it is clear that the first of 
451 sound-waves will have travelled 4708 feet from the bell before the 
last one starts, so that at any moment there will be In these 4708 feet of 
water no less than 450 sound-waves : or, in other words, these 4708 feet 
of water will be carved out into 450 condensations, and an equal number 
of rarefactions all existing in the water at the same moment, each con- 
densation with its accompanying rarefaction being the result of a single 
vibration of the sounding belL 

In this case, therefore, the waffe-lenffth of these sound-waves will bo 
found by dividing 4708 feet by 450, and will thus be about 10} feet. 
If F = velocity of sound per second at a given temperature 
W^ wave-length of a sounding body at that temperature ; and 
If B number of vibrations executed per second by the sounding body; 
then, it is evident that 

(1.) r=TrxiV . 

(n\ fr__V i So that if any two of the three quantities, V, 

^ "W > TT, i\r, be given, it is always possible to find 

#« X ™. F I *^c third. 

(3.) W= J^ ) 

If any confusion still exist in the mind concerning the difference be-, 
tween the motion of the wave and that of the particles through which 
it travels, let the student take a round ruler, and having placed it upon a 
table and covered it with a cloth, press the ruler forward between the 
table and the cloth. Then, although the cloth does not move forwards 
nor backwards, to the left nor to the right, but simply rises and falls as 
the ruler advances beneath it, yet there is a transference of a hump, or 
wave, from one side of the table to the other. The ruler here represents 
the power to which the wave motion is dtle, the tise and fall of the table- 
cloth illustrates the oscillation of the water particles in an upward and 
downward direction, and the passage of the hump across the table fitly 
represents the passage of a wave across water.* 

That there is a distinct difference between the motion of a wave itself 
and that of the particles through which it travels, may be further seen 
from the fact, that earthquake waves have been observed to travel across 
a country at a rate which was a thousand times faster than that at which 
the earth particles moved, thus showing that not only is there a distinc- 
tion to be made between the two motions, but also that they are often 
propagated at greatly different velocities. 

It is worthy of remark here that the translation of the motion (vi^, 

* This experiment conveys a more conrect idea of the motion of the water 
particles than ^ last one did. 
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the onwiird propagation of tho wave) U vastly more rapid than tliat of 
the translation of the matter (viz., the vibratory motion of the particles). 
In the same way the transmission of lighfc and heat, which is supposed 
to be effected by the vibratory motions of the practically imponder- 
able ether, is much more rapid than the rate of transmission of sound, 
which is in all probability due to the vibrations of the comparatively 
heavy particles of the atmosphere. These observed facts are in agree- 
ment with our every-day experience, which shows us that, other things 
being equal, those bodies move with the greatest velocity which have the 
least mass ; this principle carried out in its fulness would lead us to sup- 
pose that, since all kinds of wave motion are produced by translations of 
ponderable matter resulting in a translation of a perfeetlp imponderable 
FOBK, the rate of progress of this latter is necessarily infinitely more 
rapid than that of the former, a result, however, which must be modified 
by the fact that the active causes of the two mx>tion8 are not the same, for 
the translation of the wave is dearly the effect of an effect, inasmuch as 
it is produced by the oscillatory motions of the vibrating particles, which 
oscillatory motions are produced by some disturbing cause, and it could 
scarcely be supposed that the oscillatory motion so produced should re- 
present the entire effect of this disturbing cause, else the progress of the 
wave would be infinitely instead of m^ea^swrahly rapid. 

It has been already remarked that sound differs from light and heat in 
that it is transmitted from place to place by vibrations of the particles of 
the atmosphere and other ponderable bodiesi while light and heat are 
propagated by vibrations of the ether which interpenetrates those 
particles ; it should here be added that whereas sound is the effect of 
vibrations performed to and fro along the line in which the wave travels, 
light and heat are transmitted by vibrations performed at right angles to 
the lines in which they travel. 

13. A SonorouB Wave. There can be no doubt that the cause of sound 
is in every case mo^ioTi. The aet of hearing thus becomes one of appre- 
ciating those vibratory motions of the air particles which are communL 
cated to the auditory apparatus of the ear, and are by it transmitted to 
the brain, where, of course, the sensation of hearing is experienced. 

It now becomes necessary to examine more minutely the manner in 
which these sonorous waves are generated in, and propagated through, the 
atmosphere. 

If we carefully smooth down the surface of a feather bed, and then 
plunge our hand deeply into it at any point (of course, without breaking 
its covering), we shall see it rise up all round our arm. Or if we press 
down heavily upon one end of it, we shall see it rise up in a heap at a spot 
where we are exerting no direct pressure at all. If now the feathers of 
the bed were endued with an elastic force, by reason of which they re- 
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oovared Vbtit podtiotu immediately ire irithdrew the preuore wlileh had 
oanied the Dpriiing, w* might — hj eontiDuslly reatoricg and then again 
oontiaaallj remoTing thii diituTliini; preEEnre — generate a kind of np 
and down vibretory motion among the featheia compoaing the bed. And 
thia vibratory motion wonld ultimately be oommimicated to the whole 
ot the bed. 

Again, 1st ABOD repreient a imall ciit«m partly filled with water, 
and let it be lappoied that it ig poiuble to increaie or diminiah at will 
the diitanoe, BC. If tbia diitanoe be diminithed, then it wi]l be foond 
that the force with which 
if AB preuea againit the water 
" (in iti act of drawing nearer 
to OD) ii mfficient to ao 
oompreii the water that it 
rUet to escape the presaare, 
tbeieby Inoreaaing the depth 
(though not the quantity) of 
B* the water. If, however, the 
diatance between A£ and 
CD were incrtattd the water 
would tint, thni beooming leei deep. And if it could be ao arraugad 
that the diitanoe, BO, wai being alternately Increaied and diminlihed, 
then there would be a continual rite and fall of the >nrf ae« of the wat«r, 
oorreaponding leapectively to an incmue aiuf a dtcrtaie at the force with 
which A£ WM pretiing the water againit CD. 

And if it could be further arranged that the rate at which AB ap- 
Iiroaehed OD wai alwayi gresteat when in the position AB, then the force 
by which the water wu being nrged i^ainat OD 
K B B would ot eonne be greateit when AB waa in 
that poiition on its journey towards CD ; and it 
the Telocity with which AB receded from CD 
wu always greBteit when it waa paiiing this 
■ame poaitian, then it ia clear that the force 
with which the water aank in the ciitem would 
always be greatest when AB oroaaed that apot 
on iti joomey towards A'B". 

Let us DOW take the rod, AB, and aecnre it 
firmly in a block of wood ; then pull it to the 
i poiition, AB', and then release the end B'. It 
will at once begin, and will then eontinne to 
OBoillate backwards and foTwards from the 
podtion AB' to AB', and the rate or velocity 
with which it moves will increase «a it leavea tbe position AB' until it ia 
at AB, when its velocity will be at its maximum ; i( will then decrease 
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until it tmoIim Afi" wban it will be ML. Immeduttalr afterwardi it will 
wt out on it* ratorn joaras;, pMung AB agtin at * mfulmuni ipeed, and 
then diminliluTig in Tslodt? till ita motion beeomu far a moment once 
more irii:, at AB'. 

If any proof tliat thia ii the oub ba Teqairad, the itndent hu bat ta 
perform the eiperimant, and he will lee that while the rod ii OHilUtlDg, 
theipaoebetwaen the two poiitioni, AB'snd AB", •ectDaboandedatiluae 
two pUoee bj Unia which are tolerably 
■haipljr defined, while at AB there leemi 
KLroely anything viiible (lae Og, 3S). 

The explaoation of thii ii, that a* the 

AB' and AB", there ii time tor the eye to 
obaerre it, bat a* it* relooity increaui to- 
wards AB the 070 obtaiu a leu and leu 
diatlnot impreuion of it, and at AB perhapa 
doee not actually oburre it at all. 

Now ■ tnning-fork in the aot of Kmnding 
Tibratei jnat in the aame way ; iti greatest 
Telocity alwayi coincide! with the moment 
tt it pajung the petition AB. \ 

Now let n* (nppoaa that thia tnning-fork p|g_ gj_ 

li Tibrating in an open room, and let ui oon- 

■ider the ^eut of ita motiun npon the air iDTronnding It Aa the prong, 
AB, movea forward from the poiitioa AB' towarda AB', It feroe* the air 
before it, tbn* tending to orowd togetlier the partlolei of air which lie 
before it, and it ii dear that the more rapidly AB adTanoei 
towaida AB', the more deou will thia crowding of particlet 
at any moment he. Oonuqnently, thli crowding will be 
meet denae when AB ii eroadng the poaitloa AB, beoiuia, 
H atated above, the velooitj with which the prong movee 
Ii then at it* tnaiinam. But we know that air potKiaea 
(lofMcffv, in other wordi, it eibibita a diiinelination to be 
crowded into a imaller ipaoe, or rather, it haa a perpetnal 
tendenqr to ooonp; any ipaoe open to it, howerer Urge ; 
eonieqnently, the partiolea of air orowded together by the 
forward motion of AB exert in their atrnggla for room a 
foroe npon all thinga larroandiog them. Bnt tbii force, 
almoat Tidaly ezarted againit AB, ia effectaal aa exerted 
npon the ^ particlea lying beyond thoce in the ImmadiHte 
nelghboBrhood of AB, fortheie more diatant particlea being 
leu dentely packed than th« former, are not iO active in their itrnggle* 
for room (in other wordi, do not poueii lo great en elaatlcitj), and oonae- 
qoently inflet themaelTei to be erowded together by the greater exeitiona 
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Increasing Condensation. Decreasing Condensation. 



of their neighbours. These crowded particles, in the same way, pass on 
the crowding to particles lying still further from A6, and thus a crowding 
or condensation of air particles is propagated as a pnlse or wave through 
the air. 

But our prong, AB, having passed the position, AB, begins now to travel 
more slowly, and as a consequence, the condensation produced by its 
motion among the air particles becomes gradually less and less, until at 
last the prong, AB, haviog reached AB", stops for a moment, and then of 
course there is no further condensation produced among the air particles, 
though the condensation already produced continues its course through 
the portions of the atmosphere lying more and more remote from AB. 

The accompanying diagram 
will show the form of this 
condensation. 

But the prong, AB, scarcely 
attains the position, AB", be- 
fore it begins to return again 
to its former position, and it 
is evident that in this back- 
ward journey it must leave 
momentarily behind it a space 
unoccupied by air, though on 
every side (except that on 
which AB is) surrounded by 
^^* air. Into the space thus left 

unoccupied the surrounding air will, by reason of its elasticity, at once 
expand; thus, of course, being more rarified. It is also evident that since 
the rate at which AB moves continually increases as it proceeds from 
AB" to AB, this rarefaction of the air to the right of AB must continually 
increase till the point at which the velocity of the prong is greatest is 
reached, and that after that the rarefaction, like the velocity, will con- 
tinually decrease till the prong once more attains the position AB'. 

It thus becomes clear that one effect of the vibration of a tuning-fork 
is the transmission through the air of condensationB and rarefactions 
regularly succeeding each other. It is also evident that the propagation 
of these condensations is the result of the elasticity of the air. 

It need scarcely be added that these condensations and rarefactions 
may be produced by any body vibrating in the air, and may be propagaied 
by any medium possessing the requisite elasticity ; also, that according 
as the maximum speed of the vibrating body is greater or less compared 
with its Tnin imnm speed, SO the difference between the greatest con- 
densation and the greatest rarefaction will also be greater or less, or, 
which comes to the same thing, according as the shock communicated to 
the air is more or less akrupt, so the pulsations propagated through the 



Produced Xxj Uie 

motion of AB fh>m 

AB'toAB. 




Produced bj the 

motion <^ AB fh>m 

AB to AB". 



VIBRATORY MOTION. 43 

Air will be more or less distinct, and consequently the sound produced by 
these pulsations will be more or less audible and distinct. 
^ So far we have been able to show that sound is the effect of waves 
(each consisting of a condensation and a rarefaction) generated by bodies 
vibrating in the air, and propagated through the air by reason of the 
elasticity of that medimn ; also, that although these waves may be pro- 
duced by any body vibrating in any manner in the air, it is requisite that 
these vibrations shall be sufficiently rapid to communicate to the air a 
certain sharpness of shock, if the effect is to be a sound distinguishable by 
the ear. 

But although the vibration of a eolumn of air (viz., that contained in 
the passage leading inwards to the drum of the ear) is the instrument 
chosen by nature for actually giving up the sound-waves to the auditory 
apparatus of the ear, it must not be for a moment supposed that such 
waves cannot be transmitted by any medium other than the air, for we 
have already shown that sound can and does travel through other gases, 
and also through liquids and solids. It has also been mentioned that the 
rate of its transmission through different media is not uniform. It now 
becomes necessary to deal with this matter a little more fully. 

We have shown, in previous pages, that gases admit of great compression, 
in other words, that they can be forced by pressure to occupy a space, or 
vcluvMt which is continually less and less as the pressure exerted upon 
them is made continually greater and greater. We have also defined the 
elasticity of these gaseous bodies as that power by wkUik they reritt com- 
pression when subject to it, and by virtue of which they tend to recover their 
original dimensions, and, in fact, do so recover those dimensions as soon 
as the compressing force is withdrawn. Now, experiments show most 
clearly that, although all gases are comparatively easily compressed, their 
elasticity being therefore in the same degree small, all liquids present a 
very effective resistance to compression, being for that reason called the 
incompressible fluids; the elasticity of liquids is thus shown to be much 
greater than that of gases. 

Experiments also show that the compressibility of solids is much 
smaller, as a rule, than that of liquids ; it follows that the elasticity of 
MoUds is greater t?ian that of liquids. 

Viewing matter, then, with regard to its elasticity alone, it becomes 
evident that the greater the elasticity of a liquid the more nearly it will 
resemble a solid, and the greater the elasticity of a gas the more it wiU, 
in this particular, resemble a solid, 4110 that we may, for a moment, regard 
solids, liquids, and gases as being but three different manifestations (or 
appearances) of one matter, and called by these three different names 
simply to show that this matter possesses, under different circumstances, 
different powers of resisting compression. 

Let us now take means to give a blow of a certain force to the end, 
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A, of the rod, AB, whose other end, 6, tonohei the ball, 0, nifpended 
by a thread firom D. Then the effect of the blow delivered at A will bo 
shown by the portion of the arc, CE, over which the ball, O, will be 
compelled to travel ; and it may be added that the force applied to A 
by the blow will be delivered to almost immediately and practically 
undiminished. 

Let ns now remove that portion of the rod, AB, which is marked FG, 
and let ns then fill the cistern with a fluid, say water. Then let a blow, 
exactly equal in power to the first one, be delivered to A ; it will then 
be found that the motion communicated to O does not cause it to fly off 
BO far, nor with such speed as in the former case, the reason being that 
the force has in this case to be propagated, in one part of its course, 
through a liquid which may for our present purpose be regarded as a 
solid of inferior elasticity, or, in other words, a solid possessing but an 
imperfect power of resisting compression, in consequence of which the 
shock communicated to it at F becomes for a moment partly occupied in 




Fig. 41. 

forcing the contaiaed liquid into a smaller space, and although this force 
so occupied does again manifest itself in a pressure exerted everywhere 
upon the inside of the cistern tending to burst the walls of the cistern, 
U occupies time in this effort, and thus makes the transmission of the 
force more sluggish than would be the case if the elasticity of the water 
were greater. 

If the water be now removed and the cistern be filled with air, the 
effect of a blow exactly similar to the former one delivered at A would 
be practically imperceptible, the reason, of course, being, the very slight 
elasticity of the air as compared with water and wood. Here, again, air 
may be regarded as a solid of infinitely small elasticity. 

Let us now suppose a tuning-fork in the act of sounding in air; its 
vibrations to and fro impart a number of successive blows to the air in its 
immediate neighbourhood. 'But we have seen above that a blow delivered 
to a solid is by it passed on almost immediately, and that, according as 
the state of solidity is more and more departed from, the power of so com* 
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mnnioatiBg blowi with iharpnett becomes more and more feeble, oon- 
■eqnenilythe blows of the taning-fork travel bat slowly through the air; 
bnt they would travel much more quickly through a liquid, and more 
quickly still through a solid. 

Once again, it has been already stated that bodies may be changed from 
the state of solids to that of liquids by the application of heat, and that 
such liquids may be compelled to assume the state of gases if suflScient 
heat be applied. Experiments will be given further on to prove that, 
with few exceptions, a pound (or any given weight) of a solid requires 
more room when heat ui applied to it than it did before such heat was 
applied, in a word, that the effect of the application of heat to any body 
— ^solid, liquid, or gaseous — ^is to generate in that body a desire, so to 
speak, an almost irresistible desire to occupy more room, e.^., a pound of 
water when changed to steam occupies about 1800 times as much room 
as it did in the form of water. Now, we cannot suppose that each tiny 
particle of water has, so to speak, iwelled out itself to 1800 times its 
former size, for if so, there must be a cavity or a great number of cavities 
somewhere in it. It is impossible to imagine that any portion of matter, 
however minute indeed, could occupy more than a definite amount of 
space ; its bounding surface may indeed be greatly enlarged, but that can 
only take place when there is an increased amount of space remaining 
unoccupied between its component particles. Seeing, then, that we are 
forbidden to suppose that the ultimate particles of this pound of water 
swell out themselves, we have nothing left us but to assume that they 
are driven farther and farther apart as there is applied to them a greater 
and greater force of heat. But if they are so driven farther and farther 
apart, it at once becomes obvious that the body which they compose more 
and more departs from the idea of our rod, AB, in the last diagram; in 
other words, it becomes less and less a perfect solid, and more and more 
approximates to the idea of a ehain of disconnected solids. 

Now, the more closely the particles of a body are packed together the 
greater we say is the densitt of that body ; it follows that under ordi- 
nary circumstances the density of a hody decreases as its temperature m- 

ereoMS. 

We will now in fancy take a strong vessel, completely fill it with water, 
hermetically close it, and tiien apply heat to it. Such an experiment 
would be a most dangerous one, for the following reasons. At the 
temperature at which the water was when put into the vessel it was con- 
tent to occupy just that space which was afforded by the inside of the 
vessel ; but as soon as heat is applied it is no longer satisfied with that 
amount of space, but each particle of water struggles fiercely to increase 
the distance between it and its neighbours; but these neighbours, 
actuated by the same desire of repelling those around them, as fiercely 
resist the pressure put upon them by it. If we fancy them endued, each 
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and all, with hands and anns, then we at onoe conjure up to our minds 
all these watery particles engaged in a fierce struggle, in which each 
places his hands upon his neighbour's shoulders and desperately endea- 
vours to repel him to a distance. They now form a firmly connected massi 
an actilally connected body of active individuals. These hands and arms 
do not, of course, belong to the watery particles under consideration, but 
they well represent the elasticity which is active between them. We 
can carry our fancy yet further, and imagine some kind of push to be 
communicated to one of the contending atoms ; this push will be more 
or less promptly communicated by the atom which first received it to the 
next atom, according as the stiffness of his arms which are engaged in 
repelling that atom is more or less great, which being translated is this : 
— the VHMfts ofwund travel from atom to <Uom of a body with a greater or 
lest vdodty^ according as the elcutieitp aetirig between these atoms is greatef 
or less, the density being the sams. 

It now becomes necessary to make a most important distinction. It 
may perhaps be at once assumed that, instead of supposing, as above, the 
arms of the watery particles to represent the elasticity of the air, we 
might imagine a number of new particles iaterx>0Bed between the original 
ones, so that no one of the originad particles could move without moving 
some of these newly-interposed particles, imd then it might be argued 
that, the more closely these new particles were packed together between 
the original ones, the more quickly and more completely a wave motion 
would be transmitted through the body ; in a word, we might expect thai 
by increasing the density of a body we should thereby increase the rate at 
which sound would travel through it. But this is not so, for we must 
remember that every body, however small, has a tendency when at rest 
to continue at rest, and to overcome this inertia, as it is called, the ex- 
penditure of a certain amount of force im required. Accordingly, then, 
as we increase the density of a body, or, in other words, according as we 

pack more particles into any 
given space, so the work to 
be done in setting them in 
motion increases. We may 
W If C A e ^ illustrate this way : let these 

Pig, 42. boys in dark clothing, whose 

arms hang by their sides, re- 
present a row of particles of a body ; now, if a slight push be given / this 
will in no way effect a, because / will not be sufficiently disturbed to knock 
against e. This represents the state of a very inelastic body. 

Let now each boy place his arms loosely upon his neighbour's shoulders, 
then a push of the same force as the former being oommunicatod to /, 
will be by it languidly given up to e, and more languidly given np again 
to <{, and so may be lost before it reaches a, having been dissipated in 
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overcoming the inertia of the hodiet of these boys. Thus, it is olear that 
the more we tighten the hold these boys hare of one another (or the 
more rigidly each holds the one before him), the more quickly the posh 
communicated to / will be passed on to a. Yet it will not reach a un- 
diminished in force, because some part of its energy must of necessity be 
absorbed in overcoming the inertia of the bodies a,b,c,d, e, /. If now we 
could introduce the boys in lighter clothing without increasing the stiff- 
ness with which each held the one before him (i.«., if we could increase 
the deruUy without increasing the dastieUy of a body), it is clear we should 
increase the obstructions to the progress of the wave of motion, which 
would thus occupy longer in travelling from / to a than it would have done 
before the introduction of these new boys, which goes to show that 
hy increanng the density of a body, without increasing its elasticity^ toe 
diminish the rcUe <U which sound waves pass through that body. Experi- 
ments go to show, that tJie velocity with which sound travels through a body 
is direcUy proportional to the square root of the elasticity of that body, and 
inversely proportional to the square root of its density, 

13. Influence of Temperatnre upon the velocity of a Soirnd Wave. 

— When the density of the air increases, the fact is notified by a rise in the 
level of the mercury in the barometer; an increase in the temperature of 
the air is similarly proclaimed by a rise in the level of the mercury in a 
thermometer. 

Now it has been found that the velocity with which sound travels 
through air is not affected by changes in the barom>eter readii^, but that 
it is increased by a rise in the tliermometer. Let us see why this is. 

An increase of density is always accompanied by an increase of elasticity, 
wh>en the temperature remains unchanged^ consequently an increase of 
density is not, as one might at first expect, accompanied by a decrease in 
the velocity of the sound wave. But an increase of ten^perature is always 
accompanied by an increase in the elasticity of a body, and consequently, 
if the density of a body remain unaltered when heat is applied, there is 
at once an increase in the velocity with which the sound wave travels 
through that body, because the elasticity is increased, without a cor- 
responding increase in the density. 

, Consequently, although the velocity of sound through air at a 
temperature of CG is about lOdO feet per second, it increases as the 
temperature rises, and diminishes as the temperature falls, and experi- 
ments go to show that the rate of this increase is about 2 feet for every 
degree centigrade. 

14. The Relation between the Amplitude of the Vibration and the 
Intensity of the Sound.— In Fig. 43 let AC and AD represent the extreme 
positions of the vibrating pendulum, AB ; then the distance, CD, is called 
the AMPLITUDE of the vibrations of this pendulum. 
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In the tame way B'B" of Fig. 44 represents the amplitvde of the 
▼ihrating rod, AB. 

Now if the iimplitnde of the vihrations in either of these cases, say the 
latter, be doubled, let us see what will happen. 

(1.) It is clear that if d represent the amplitude of the original 
vibration, then 2 d will represent the amplitude of that vibration when 
doubled. 

(2.) MTe know that with any given pendulum, or vibrating rod, the 
time occupied by it in performing a complete vibraiion ie tiUogether inde' 
pendent of the width ofite amplitude; in other words, whether d be gieat 
or small the pendulum occupies the same time in moving from to D 
while vibrating. It follows, then, that if 2 d be traversed in the same 





Fig. 48. 



Fig. 44. 



time as d, the mean speed of the moving body must in the former case 
be doutfie that in the latter. 

Now if a certain amount of energy be required to cause a body to 
travel over the distance, cf, it is evident that double that energy will be 
required to cause it to travel over the distance 2d; and again, if this 
double distance is to be got over in the same time as the original distance 
was completed, then the double force already shown to be necessary 
must be again doubled, so that we may say the energy required to cause 
a pendulum to vibrate with a certain amplitude ie four times the energy 
which wotdd be sufficient to mxike it perform vibrations of half that ampli- 
tude. In the same way, if the amplitude were increased to ^reefold, the 
requisite energy must be increased to ninefold; in other and more 
general terms, the energy of the vibrating body increases with the square of 
the amplitude. 

(3.) As the vibrating body moves forward or backward in its course 
then is evidently a corresponding change in the nature of the eneigy 
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causing; its vibrations. At AG or at AD the force is clearly all potential^ 
or stored-np force, becatuae in those positions the vibrating body comes 
momentarily to rest. At AB, however, it is evidently all kinetic or active 
energy ; and at positions intermediate to AB and AO, or AB and AD, the 
energy is partly kinetic and partly potential. 

In every position, however, the absolute amount of energy — whether 
potential or kinetic, or partly both, is the same ; let us see what is the 
result of this. 

To begin with, it is evident that the vibrations of the air particles 
must exactly resemble the vibrations of the tuning-fork (or other vibrat- 
ing body) which has set them in oscillation. But the movements of such 
a tuning-fork exactly resemble those of the pendulum above described ; 
consequently the movements of the air particles exactly correspond to 
those of a vibrating pendulum. We come, then, at last, to this, that the 
energy (potential or otherwise) of each air particle as it oscillates under 
the influence of a sound wave varies as the square of the amplitude of 
the vibrations of the sounding body ; in other ^ords, if the ai^plitude of 
the vibrations of a sounding body be dovhled, the energy thereby imparted 
to the particles of the air among which the body is vibrating is increased 
fourfold, if the amplitude be trebled, the energy generated is thereby 
rendered ninefold, &c. &o. 

It follows, then, that the effect produced upon a person's ear by the 
impinging upon it of a sound wave varies directly as the square of the 
amplitude of the vibration of the surrounding body. 

But the greater the force with which the drum of the ear is agitated 
the louder is the sound, therefore we say that the intensity of the sound 
increcuet toith the.aquare of the amplititde of the sounding body. 

This will be a convenient place for remarking that no confusion must 
be allowed to. linger in the mind concerning the meaning of the terms 
VELOOITT, iNTENsrrr, and amplitude. As already explained, the velocity 
of a sound wave is the speed with which sound waves travel from point to 
point of space, and depends upon the densitjr, and elasticity of the prO' 
pagoiting medium, but is independent* of the rate of vibration of the 
generating body. The Intensity of a sound is iU loudness, and, unlike 
the velocity, depends entirely upon the amplitude 9£the vibrations of the 
sounding body, which amplitude may be taken to mean the distance 
travelled over by a vibrating body in its passages from one of its extreme 
positions to another. 

15. Tlie Law of Inverse Squares. 

(1.) In its Application to Sound,— We have already shown that the 
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quicker than softer onea 
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intoniitj of a lound rariei ai the square of the amplitude of the ribra- 
tions which give riae to it, and that this fact xesnlts from this other 
fact, that the energy of an air particle executing eimple vibratitme in 
obedience to forces of eUuHcitp, varies as the square of the amplitude of 
its excursions. 

Now let the line AB be divided into four equal parts by the points 
D, C, E, and let the circle J> represent the surface of a sphere, having AD 
as its radius, while the circles and E similarly represent the surfaces 
of spheres having AC and AE respectively as radii. Then we know by 
geometry that tJie surfaces of these several spheres are to one another as the 
squares of their radii; thus we have the surface of the sphere D, one- 
fourth of that of the sphere O, one-ninth of that of the sphere E, and one- 
sixteenth of that of the sphere B. 
Let us now suppose that the lines AD, AC, AE, and AB, represent the 

distance travelled by a 

sound wave, starting 

from A in one, turn, three, 

y ,-'•'" *'**"-* '\ and /our seconds respec^ 

/ /' "'\ \ tively. Then at the end 

/ / ^t" **n \ \ of one second we shall 

I / / ""n^ \ \ have the disturbing 

/ / / y^ ^^v N ^ * force, which initiated 

I { / / \ \ \ \ the sound by vibrations 

i \ \ A /J> ;c i^~;B at A, expending itself 

• \ \ >"^^ ^y I I I in causmg all the air 

*» \ \ /' / / particles lying in the 

• \ -*. ,'' / / surface of the sphere 

\ *».^ y 4 D to oscillate; at the 

\^ "*•*.__ ^^.-''' / end of another second 

y we find this same dis- 
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turbing force occupying 



p{^ 45^ itself in setting up osdl- 

lations among the air 
particles of the sphere C. But the number of particles here is four times 
greater than those in the surface of the sphere D ; consequently, the 
initial energy at this point, C, being distributed over four times as many 
particles as at D, the eflFect upon each individual particle at C is one- 
lourth only of that at D, so that tke energy of a partide vibrating at 
any given distance from the disturbing body is four times greater than at 
dotMe that distance. 

In the same way it is shown that the energy of a particle vibrating in 
the surface of the sphere E is one-ninth, and in the surface of B one- 
sixteenth of that of a similar particle vibrating at D ; in general terms, the 
energy of any of these particles executing simple vibrations in obedience to 
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forces of elagtieiip varies inversely as the square of ikdr distance from the 
disturbing body. 

But it has been already shown that the intensity of a sound varies 
directly as the energy with which the tympanic membrane of the ear is 
struck ; it follows, then, that the intensity of a sound proceeding from a 
uniformly sounding body varies inversely as the square of the distance 
from that body. 

This proposition, derired from theoretical considerations, is abun- 
dantly confirmed by experiments. 

It will now occur to the reader to ask what becomes of a sound at last ? 
Does it go on gradually diminishing in loudness for ever and ever, or, at 
least, till it reaches the outmost limits of our atmosphere, or does it 
become somehow dissipated in its passage from layer to layer of the 
surrounding atmosphere? TAe truth is, it does suffer dissipation; for 
it is by friction that each layer of air is enabled to set in vibration those 
other layers lying beyond it ; but friction always generates heat, and thus 
we get the sonorous energy dissipated by its gradual conversion into heat. 
As a fact, then, the intensity of sound diminishes somewhat more rapidly 
than is indicated by the above law of squares, and its final extinction is 
the result of the conversion of the vjhole of its energy into heat, 

(2.) In its Application to Light, — The light proceeding from any 
luminous body, say a candle, may at any moment be regarded as a certain 
definite force whose action is momentarily spreading itself over larger and 
larger areas, just as we have shown the sphere of action of the sound- 
producing force to spread. But the sensation of light, like that of sound, 
is due to the effect which this motion produces on our nerves ; the eon- 
sequence is, that if the effect of the light-producing force diminishes, 
our sensation of ^* light** must also diminish, and that in the same 
proportion. 

But this light'prodncing force evidently diminishes according to that 
law of inverse squares which governs the rate of diminution of the sound- 
producing force ; consequently, light, like sound, varies inversely as the 
square of the distance from the body which produces it. 

According to this law, then, it is clear that one candle at a distance of 
one foot has the same illuminating power as four candles two feet dis- 
tant, nine candles at three feet distance, &c. &c. To prove this, take a 
piece of white paper, and make a faint grease spot on it with a little 
stearine, then stretch the paper on the frame of a slate and place it in an 
upright position on a table ; at a certain distance on one side of tiie frame 
place a lighted candle, and on the other side, at twice the distance from 
the frame, place four similar lighted candles ; the grease spot is then 
invisible because it is equally illumined on both sides. This apparatus 
is sometimes called Bunsen's Photometer. 

Photometers are instruments used to measure the illuminating powers 
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of BVLch. arti&cial lightf »s candlei, lampi, ga« bumen, ke. The experi- 
ment called the Shadow Tett* also serves the same purpose. 

In the accompanying figure the shadows cast by the rod, B, are caught 
on a white screen — ^the frame and paper described under Bunsen's photo- 
meter will do— the shadow, C, is evidently more heavy than D, conse- 
quently the lamp, A, which casts the shadow, C, must be removed farther 
from the screen till both shadows become of equal heaviness. If it 
should then be found on measurement that they stood three feet from the 




screen, while the weaker stood but two feet frotn it, we should calcu- 
late the relative illuminating powers of these lights according to the 
rule of inverse squares, thus— 

The power of the la mp _the square of the dist ance of th e candle 
ihe power of the candle"" the square of the distimcedrtheliunp " 

_ Z feet X 3 fee t. 
2 feet X 2 feet. 
_ 9 square feet. 
~^4 square feet. 
^9 
4 
Therefore, the illuminating power of the lamp = 2J times that of the 
candle. 

-flT.B.— The intensity of radiant heat, also^ has been shown to vary in- 
versely as the square of the distance from the heat-giving body. 



The instrument used for this purpose is often caUed •• JRum/ord't Photometer. 
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16. Experimental Determination of Velooity of Sound and of light. 

(1.) The Velocity of Sound through air is easily determined as follows : 
One person standing at B fires off a gun : 

the report and the flash both startatthe ^ 3 

same moment towards another person 

standing at A. Now, the velocity of light is so great that in this oase we 
may neglect altogether the time occupied by the flash in proceeding from 
B to A, and may therefore regard it as observed at A instantaneously 
with its production at B. But the sound travels much slower, and con- 
sequently arrives at A some seconds after the person there observes the 
flash ; if the report arrived at A Jive seconds after the flash, then it would 
be concluded that the sound occupied those five seconds in passing from 
B to A, and if the distance BA be 6500 feet, the velocity of the sound in 

r6500 1 

this case would be |_ -^ feet, t.e. J 1100 feet pQr second. 

Actual experiments show that tfie velocity of sound in air at the freest' 
ing temperature ie 1090 feet per second, and that this velocity increases 
with the temperature (§ 13) at the rate of 2 feet for every degree 
centigrade. 

Distances can be calculated by means of the known velocity of sound : 
e.^., suppose it is observed on a frosty morning that the number of 
seconds which elapse between the discharge of a distant cannon and the 
arrival of the sound is 3} ; we calculate that the cannon is, therefore, 
(1090 ft. X 3^=) 3815 feet distant. 

The distance of a thundercloud may also be similarly calculated, for, 
as the report of the thunder and the flash of the lightning both start 
from the cloud at the same moment, the distance of the cloud will be 
found by multiplying the velocity of the sound by the number of seconds 
which elapse between the arrival of the lightning-flash and that of the 
thunderclap which follows it. 

But sound travels also through liquids and solids as well as through 
air and other gases, and the general expression for finding its velooity is 

when y = the velocity of the sound (or other) wave, 

E = the elasticity of the medium through- which it travels in any 

particular case, 
D ±= the density of that medium* 
Now it is found by experiment that the value of V when sound travels 
through water is four times its value when sound travels through air ; in 
other words, sound travels four times qidcker through water than through 
air. Therefore if 

V = the velocity of sound in air, 
AY = its velooity through water. 
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Before prooeeding farther it will perhaps be useful for young students 
if we explain that the fraction =r represents E -r- D, or, the n«m&er of 
timet E eontaine i>, or, Vie relation existing betwun £ and D at regards 
magnitude. 



Now, since 



V= / the elasticity of air ^^ ^^^^ 
V the density of air, 
the elasticity of air 



V3 = 



the density of air 



^A-rro the elasticity of air ,_ ,. 

••• 16 V = th edeBrityofair. " ^^ « 

And, again, since 

_^ / t he elasticity of water 
\/ the density of water 
i« v* — t he elasticity of water - . 

16 V — ^^^ density of water •- ^°^* 

Therefore, combining (a) and (b) we find that 

t he elasticity of a ir wig— the elasticity of water 
the density of air the density of water. 

In other words, 

" 2^ relation between the elcutieitp and the density of air** is one- 
sixteenth of "the relation hetioeen he elasticity and density of 
water,** 
The manner in which the velocity of s(fund through water has been deter- 
mined experimentally is as follows : — 

Two boats were moored at a known distance on the lake of Geneva, 
from one of which a bell was suspended in the water. The hammer with 
which this bell was struck was so contrived that at the moment of strik- 
ing the bell it ignited a quantity of gunpowder, the flash from which could 
be observed by the person in the other boat. This person held to his ear 
the mouth of an ear-trumpet (§ 57) whose bell was immersed in the 
water ; he could thus both listen for the sound which was travelling 
through the water and at the same time watch for the explosion of the 
gunpowder ; in this way he could measure the time required for the 
passage of the sound from the one boat to the other through the water. 
In this way the velocity was estimated to be 4708 feet per second. 
Of pourse, different liquids convey sound with different velooitiee, but 

the velocity is always in accordance with the formula ^^lU "^ 

The velocity of the transmission of sound through solids also conforms to 

E 
the same law ; but, as the value of the expression ^r is nearly always 

greater for a solid than for a liquid or a gas, it follows that the velocity 
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with which soond travels through solids is greater in almost every case 
than that with which it travels through liquids and gases. 
Experimental proofs of this are the following : — 
(1.) The experiment shown in Fig. 31. 

(2.) It has been found that when a bell was struck once at one end 
of a long iron tube two sounds were heard from the bell, one of 
which was conveyed by the solid substance of the tube, — this 
one arrived first,— and the other of which was conveyed by the 
air contained in the tube. If the tube had been a very long one, 
and had been partly filled with water, it would have been possible 
to hear three sounds proceeding from the bell in this case, the 
first to arrive being that brought by the iron of the tube, the 
second, that brought by the water, and the third, that trans- 
mitted by the air. 
(3.) A person standing near a rock which is being blasted, may in ft 
similar way often hear two reports from one explosion. 

(2.) The Velocity of Light was determined as follows : — 

In the accompanying ^ 

figure let J represent ,'-*■""" "'"""** 

the planet Jupiter, and y' "^^^v 

E the earth, both mov- / \ 

ing in their orbits in the / *" ^^ .^ \ 

direction indicated by / y\ ^^ \ 

the arrows. / / \ \ \ 

The planet Jupiter / / \ \ I 

has four satellites, of i | kiTiJ AF ^0* 

which one is nearer the * * V T y 



planet than the others. 




/ 

and it is observed that \ v \ / ! 



this one is continually \ ''^^^ ^Xa i 

undergoing eclipse, the ^ " ""* ^ - 

period which elapses 'V \ 

between any two sue- ^v^ ^,>*^ 

cessive eclipses being 
about 42 hrs. 28' 35". Fig, 47, 

Exact observation, how- 
ever, shows that the period which elapses between successive eclipses 
varies with the position of the earth with regard to Jupiter, being shorter 
by 16' 26" when the earth and Jupiter are closest together, as at E and J, 
than when they are farthest apart, as at E^ and J^. But the difference 
between the distances E, J, and E^, J^, is evidently equal to the diameter 
of the earth's orbit (i.e., of the circle E£^), it has therefore been sup* 
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posed tliat the 16' 26" is the ezaot time oocnpied bj the light reflected 

from Jupiter in passing across the earth's orbit, i.e,, from a to E^, i.e,f 

a distance of about 183,000,000 miles. 

But if light travel 183,000,000 miles in 16' 26% i,e,, in 986 seconds, its 

183,000,000 
velocity per second = ggg — miles = about 185,500 miles. 

17. The PliyBlcal difference between Music and Noise. 

^at part of our organ of hearing which exists as a kind of appendage to 
the head, and which is usually called the ear, is in reality not the ear, nor 
indeed an essential portion of that organ. Its office is simply to collect 
the waves of sound which fall upon it, and then to pass them into the 
passage which leads into the interior of the head ; at the end of this pas- 
sage is a cavity called the tympanum, the entrance to which la stopped 
by a thin kind of membrane called the tympanic membrane. The vibra- 
tions which the particles of the atmosphere are executing in obedience to 
impulses received from a sounding body, are received upon this membrane, 
and by it transmitted towards the brain, and there they excite the sensa- 
tion we call Sound. 

Now any body vibrating in air, must necessarily tend to impress its 
vibrations upon the particles of the air surrounding it ; if the vibrations of 
this body have a great amplitude, so will the vibrations imparted to the 
tympanic membrane likewise have a great amplitude ; if the vibrations of 
the body be rapid, so will those impressed upon the tympanic membrane 
likewise be rapid ; if the former be less frequent, so will also the latter be. 
It thus comes about that the vibratory motions of a sounding body ex- 
actly represent the state into which the tympanic membrane is thrown 
when the vibrations of the sounding body reach it; e.g.,ii the sounding 
body be violently and irregularly agitated, violent and irregular will be 
the vibrations into which the tympanic membrane is thrown, and 
violent and irregular will therefore be the impressions produced upon 
the brain. Under these circumstances t?iere toill be a want of imoothnen 
and evenness and regularity in the sensation experienced by the brain, in 
other words, a noisb will be observed by the brain, and not a musical 

BOUND. 

When the brain ia thus agitated by the reception of numerous and 
conflicting impulses, it becomes in a manner bewildered and unable dearly 
to distinguish any one of the numerous impressions which crowd them- 
selves upon it. In this confused state it is conscious of a noise, and not 
of a musical bound. 

Again, the shock received may be, roughly speaking, instantaneous, 
and may be dissipated before the ear has time to estimate it ; in this case^ 
also, the effect produced is a noise, and not a musical sound. 
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The chief, and in fact, *' t?ie only condition necessary to theproduction of 
n musical sound is, thai the pulses should succeed each other in the same 
interval of time.** — {TyndcUL) 

If there he no succession of shocks, as when wo hear the report of a 
cannon, or, if there he an irregularity in the rate at which these shocks 
succeed each other, as when we hear the wheel of a cart grinding against 
the paving, then a noise and not a sound, is the effect. 

But it will at once be asked, ffow is it, then, that every hody in a state of 
uniform vibration does not produce a sound f How is it that the continual 
ticking of a clock, or a watch, does not produce a musical note? and why 
is not music produced by the regularly recurring clickings of machinery? 
The answer is, that in order to produce upon the brain the sensation 
called a musical note, there most not only be a regular, but a va^f fre- 
quently recurring succession of the same impulses communicated to the 
brain. All people are not alike with respect to the number of yibrations 
requisite to produce in them the sensation of sound ; the rapidity of the 
vibrations may be either too great or too small to be appreciated by the 
ear of any particular individual, though it may be clearly appreciable by 
other differently constituted ears. 

18. Different methods of produdnff MuBlcal Soiuids.— Any body 
which is capable bf being thrown into periodic vibrations, is capable of 
producing in us the sensation of sound. As a rule, this effect is produced 
upon us by the vibrations of the air surrounding us, so that we may say 
that any means by the use of which the particles of the atmosphere may 
be thrown into vibratory motion, become a means whereby sound may 
be produced. 

Thus, for example, a tuning-fork, by its rapid and periodic oscillations, 
impresses upon the atmosphere surrounding it a system of oscillations in 
frequency and amplitude precisely similar to those executed by itself. 
These oscillatory movements being communicated to the brain result in 
the production of a musical sound. 

Another method of producing sounds is by causing a number of tap- 
pings, or of puffs, to succeed each other with great rapidity. A musical 
sound has been produced by drawing a knife blade across the serrated 
edge of a coin ; in this case the sound was the result of the blending 
together of the successive taps produced by the contact of the blade 
with the little irregularities forming the serrations upon the edge of the 
coin. 

Sounds are, however, more easily produced by holding a piece of rather 
stiff cardboard against the edge of a revolving toothed wheel. 

There is a curious and instructive method of producing soimd, however, 
which is worthy of special mention. It is this : Take two small pieces of 
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lead, and fix tliem firmly in a rice in the manner shown in the acoom- 
panying figure. (See Fig. 48.) Then take a common fire-shorel, heat it, 
and then having halanced it upon the two pieces of lead, give it a tilt on 
one fide, thus setting it in motion like a see-saw. 





Fig. 48. 

It will he found that a sound is produced hy the shovel, which sound 
is thus accounted for. As soon as the shovel, whidh is hot, touches 
one of the pieces of lead, that piece of lead expands and swells upwards 
by reason of the heat received from the shovel ; the shovel 
is consequently tilted up on that side, and therefore at 
once falls upon the other side, and endeavours to rest 
itself upon the other piece of lead. But this piece of 
lead behaves in its turn just as the other did, and im- 
mediately repels the shovel, which thus, by its motions 
backwards and forwards, throws the surrounding air 
into the series of waves necessary to the production of 
sound. 

As mentioned above, sound is also produced by puffs. 
If we fancy a stream of air forced up through the pipe, P, 
in the direction of the arrow, then it is clear that if means 
were taken to open and shut the stop-cock, 0, a great 
number of times per second, the effect must be a rapid 
succession of jp^uffi produced at B, and the ultimate effect 
would be the production of a sound of a pitch higher or 
loww according as the puffs succeeded each other with 
more or less rapidity, 
producing sounds by this means, it is obvious that a great 



Fig. 49. 



In 

difficulty would be found in opening and shutting the stop-cock with a 
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rapidity Buffioient to produce a sound. This might be partly overoome 
by making L of the stop-cook circular, and attaching a band to it, and 
then causing it to revolve by connect- 
ing it with a whirling table (Fig. 60). 

A much better arrangement, how- 
ever, is the following : 

Let the pipe, P (Fig. 51), be brought 
to a small aperture, and caused to emit 
a continuous stream of air, and let the 
point F be placed over one of a series 
of perforations in the disc, CD, and 
let this disc be caused to revolve by 
connecting it with a whirling table. 
Then as the disc revolves the whole 
circle of perforations near its circum- 
ference come one by one beneath F, 
and consequently a whole series of 
puffs is produced, and these puffs fol- 
low each other more or less rapidly, according as the rate at which the * 
disc revolves is greater er less. The comequence is, a found of highw or 
lower pitch according as the rate 
of the rotation of the disc is greater 
or less; thus again confirming our 
previous remark that the pitch of 
a sound depends upon the number 
of (vibrations or) successive im- 
pulses received in a given time. 

In the diagram, Fig. 52, it will be seen that there are eight tubes, 
a, 6, c, dy e, /, g, h, each exactly fitting over an aperture of the disc, CD ; 
if the disc be now made to revolve there will be puffs issuing at the same 
moment from eight apertures, instead of one, as before. 



Fig. fiO. 




Fig. 51. 




Fig. 62. 

But if the disc be now revolving at the same rate as before, it will be 
found that the sound produced will be the same in pitch in both cases, 
but the intensity in the latter case wUl be vastly greater than in the former. 
Here we have a confirmation of our previous remark that the intensity of 
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a sound depends not upon the number of yibrations per second which 
produce it, but upon the amount of energy (measured by the amplitude) 
expended upon the production of those vibrations. In the above example, 
the force being eight tinges more great the intensity of the sound is in* 
creased in proportion. 

We have now shown that sound may be produced by periodic movemenU 
of a material hody^ as % tuning-fork vibrating in air ; by a continued suc- 
cession of oft-repeated tappings, as in Savart's Apparatus (see next para* 
graph) ; and by a succession of puffs ; it now becomes necessary to show 
with more minuteness in what manner the pitch of sounds depends upon 
the rapidity of the vibrations which produce them. 

19. The S^latUni between the Htdi of a Sonnd, and the Rapidity 
of ilie VibratioiiB prodndn^r it. — Savarfs Apparattts seems to show this 




Fig. 53. 

relationship. As the wheel W revolves it causes the toothed- wheel, S, to 
revolve also with great rapidity, and this causes a very rapid succession 
of taps to be given to the piece of cardboard, C, placed in contact with the 
teeth of S. 

By gradually quickening the speed with which W revolves, we gradually 
increase the number of taps per second received by the cardboard, till 
these become at last too rapid to be distinguished by the ear as separate 
taps, but blend together as a distinct musical note, and this note, at first 
low, gradually increases in pitch till at last (if the rapidity of the revolving 
wheel still continue to increase) it may even become inaudible once more, 
because of its having passed the highest limit of hearing of which the ear 
of the i>erson present is capable. 

If we require to find by this instrument the number of vibrations 
necessary to produce any given note, we must cause this particular note to 
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be sounded, and then cause the wheel W to revolve with a velocity which 
gradually increases until the apparatus produces the same note as the 
one whose requisite number of vibrations we want to know. By means of 
clockwork attached to Savart's Apparatus (B, Fig. 53) it is possible to find 
how many times per second the wheel S is revolving at any moment, and 
by multiplying this number by the number of teeth in S, we find how many 
taps are given per second to in order to produce any given note, and 
as each tap produces a vibration of the air surrounding G, it follows that 
we find by this means the number of vibrations of the air per second 
necessary to produce the given note. 

This apparatus clearly shows us that the pitch of a muaicdl sound rUes 
as the rapidity of the vibrations producing it increases, We may here 
remind the student, that it has been already shown that the intensity of a 
musical sound increases as the amplitude of the viJbraUons producing it 
increases. The pitch of a musical sound is therefore something very dis- 
tinct from its intensity* 
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CHAPTER m. 

SICTILETSAR MOTION, AND ITB MODCnCATIONS DT THE PHXKO- 
UEKA OF SOUND, LI6HT, AND HSAT. 

M. BMUUnaar lI6tlOB.~A ban, or any otticr material body, when 
aai in motion in any direetion, will ec»tiniie to movo in that diieetion 
nntil it is either wholly or partiaUy preyented from ao doing by the 
action npon it of some new and opposing force. This, which is tme of 
•Miller in erery oondition, is also trae of force; an aerial wave, a water 
ware, and a waTe passing tfarongh a solid, whether they he w&Tes of 
sound, of light, or of heat, will <mm» and all oontinne to propagate them- 
sdTea from their centres of disturbance in straight lines until some 
obstacle presents itself. Neither does the analogy between the trans- 
ference of matter and the propagation of motion, or force, end here, for 
just as a ball rebounds from a wall against which it has been hurled, so 
does the motion which constitutes a ware rebound when it is opposed by 
a pn^r obstacle ; the laws which goTem the recoO in the esse of matter 
goran also the reflectiott (t.r, the throwing back) in the case of motion. 

These laws we must now prepare to state : — 

Whoi a wmTe passing through a medium c^ a certain density comes in 
coBtaci with a new medium of a difToent density, one of two things 
happens to it ; it may either pass into and be prx^p^gatcd through the 
new medium* or, it mar be totally cast back ^:un into its former 
medium. Whether the first or the second of these phenomena takes 
place depends upon the difference in the denaitT of the two ntedia, and 
also upon the an^ with which the wave parsing through the first 
medium impinges upon the second. 

We BBSkT illustrate the phenoaiena thus : if a boy take a stone and drop 
it pcrpendkulariy, or nearly perpeadicularlr. upon the surface of a pond, 
the stone will certainly sink in the water* but it« instead «f dropping it 
p e tpe n diculaily, the boy threw it in a more nearly hcrinontal dii ee tion 
a^^aisst the surface of the water, it is wvH kaown that the stone would 
relwcnd into the atmosphere Sfain; in common language* it would 
simp^ ''^ skim the surface "* cf the water : this is w^ known to boys as 
imnsessent called making ^^ Pucks and Drakes^* 

Waves cf sound. (?f Iigbt« and of hent, ate all labfe to this leboundins. 
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or r^fUetiony as it is called ; they all also are liable to undergo changes of 
direction when they enter a new medium, such change of direction being 
called refrcuition. We will first consider the phenomena of reflection. 




Fig. 64. 



21. Befiection. — ^Let AB represent any reflecting surface, and let a 
wave starting from O strike A B at right angles to its surface ; then this 
wave would return again to O by the 
same course with which it proceeded 
from O. This line, O P, is called the 
normal to A B. 

Let now a wave leave M and strike 
A B at P, as represented in the figure ; 
the wave, in this case, would, after 
reflection, take the direction P N, 
according to the rule thai the angle 
M P Of called " the angle of ind- 
dence," ia aJtoaya equal to the angle 
JfPO, called **the angle of refiec- 
tion." 

If the positions be now reversed, 
so that the wave should start from N 
in the direction N P, then it would, 
after reflection, take the course P M, and the angle NP O would then be 
the angle of incidence, and M P O the angle of reflection. 

There is one other rule of reflection, viz., that the angle of incidence 
and the angle of reflection are always in the same plane. 

Let us now apply these rules to the consideration of 

(1.) The Ruction of Sound Waves ly Plane Mirrors. —Echoes are due 
to the reflection of sound from some large unyielding body, such as a rock, 
the edge of a forest, or a large building ; clouds also frequently reflect 
sound ; the rolling of thunder may be explained as the effect of a series 
of reflections of the sound caused by an electric discharge between two 
clouds. The lightning itself is the flash which accompanies the discharge 
of electricity ; the first sound of the thunder is the effect of the atmo- 
spheric disturbance caused by that discharge, and the succeediDg thunder- 
rolls are caused by the reflection of this first sound from the many clouds 
in its neighbourhood. 

It is usually assumed that a person can utter /ve distinct syllables per 
second, so that unless a reflecting body be so far distant from a speaker 
that a sound occupies at least a fifth of a second in travelling thereto 
and back, it is clear that the first syllable uttered by the speaker will 
return before the second starts, or, more exactly, the first part of the 
first syllable will return and mingle with its latter part. In this case the 
echo will not be observable. 
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Now, laking tbs velociiy of loand at 1100 fesi per Kwond, It it cleax 
that if X peraoD, A, be 110 feet from a vull, B, the lound proceeding fcom 
A will o«np7 juat one-fifth of a lecond in prooeeding to B and back; 
ODnieqaentl; there will be just time for the echo of ons irllable ; also, 
that if the distanse A U be donbUd, Le., it A B and back be 440 feet, 
there mil he time for the esho of two lyllablea ; in other word), if a 
person ihoat a word of two ifUableR he will hear them both repeated 




Pig. 88. 



after him, bat if he shout a word of three ByllabUe he will only bear the 
laat two of them. Bnt if A B and back be 660 feet, i.e. , three times what 
it wu in the firet inatanoe, then the whole of a word of theie ejllablsi 
would be heard, &«., &c. 

Again, if a person stand In the month of a large dndn and ihout down 
it, the Nniid mi^ be dearly heard at a groat diitance in the drain. In 



this cue the Konnd ondergoe* reflection from ride to side of the pipe, 
and being thna prevented from extending itaelf throogh the atmosphere 
(see § 16, Fig. 46) it saffeTS little diminntion of intenritr, though propa- 
gated to great diitaoces through inch a pipe. (See Fig. 56.) 

On the same principle are oonaimBted the tabei by which verbal 
rnetsages are oonvejed from one part of large publio bnildinga to another. 
These tubes are fitted at each end with a removable ping wtueh aets aa 
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ft vblitla. When a penon in ons comparbmeiit at a bnilding fitted with 
ihcM tub«i wiihel to oonro}- a mesaage to a penoD in BDather sompart- 
melt, ha mnorei the plug fmrn the tube irhioh oommaDieatea with that 
particular oompartmeDt, and blon Uiroogh it. This oanM* the vhiatle 
at the other end to (onnd, the penon in the room hean it, comei to the 
tube and receivaB the meiiagB which the other perxon now ipcaks tbroQgh 
the tabe, and this being done both 
whistln are replaoed till the in- 
atnunent ia again icaorted to. 

The Ear . Tmn^Mt alio ii oon. 
■tnicted on the iRme principle. 
Though many different forma of 
it are made, eaoh of them aome- 
what reumblei a fannel, the wider 
part being conitructed to Golleoi 
the nnnd warea, which are then 
by reflection gathered togetlieraDd 
poured through the nnrrower part 
into the ear o[ the penon Tuing the 

When s penon bold* bia band to 
hi> ear to enable him to catch a aound the better, he U rimply neiog hii 
band ai a funnel for colleoting sound wavei. 

Ths Bpeakmr-Tnunpet ia oied tor enabling a person to make bia 
voice heard at a great distance. The month of the ipeaker is applied »t 
A {Fig. 56), and the sound wave bBving been reflected from aide to side of 





Pig, M, -Bpealtlng-T»MDipaL 



the tube A B, laauea at B in snob a form aa leads to iti being propelled a 
greater diatance, withont loss of intensit]', than would be the cue It tba 
penon spoke without the trumpet. 

When a penon holds hie hand* to bis month to enable him to mnke 
bis voice heard at a greater diatance, he realty qsei thera aa an imperfect 
sort of apeaklrg'tTumpet. 

A torthei niuitratlon of the Reflection of Sound is Uie following i— 
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Take a watoli which ticks pretty loudly, and holding it about three 
inches from your ear listen to its ticking for a few moments till the loud- 
ness of the ticks is well appreciated by your ear. Then, keeping your 
head and the watch in the same positions, take a large pieee of card-board 

in your other hand and gradually 
bring it up behind the watch, so 
that the watch is between your 
ear and the card-board; the 
tickings will gradually become 
louder as the cardboard nears 
the watch, an effect evidently 
due to the reflection of sound 
waves by the cardboard, in con- 
sequence of which the ear re- 
ceives not only the wayes of 
sound which proceed directly 
from the watch, but also others 
which, started in other directions, but meeting with the cardboard, are by 
It reflected back into the ear. (See Fig. 69.) 

(2.) Befleotion of Light Wares by Plane Mirron.— It has been already 
mentioned that ligJU travels alwayt in a straight Um until its course is- 
changed by the interposition of some obstacle. An interesting experi- 
mental proof of this is the following : — 

In the accompanying figure the light from the smaller gas-jet. A, is 
caught upon a screen at A^ after passing through a hole in the card-board 




Fig. 69. 
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at M ; the light also from the larger gas-jet, B C, is similarly caught upon 
the screen at B^ G^. An inspection of the figure shows that the jet A« 
which is on the left hand in the chandelier, is on the right hand on 
the screen, and that the position of the jet B O is also therefore 
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lilvertetl from ligLt to lefi. Fmilier, it is also dear that tbe images 
of the jets A and B O are '* upside dowD," as it were, on the screen 
for a similar reason. 

When a snnbeam hreaks through an aperture into a darkened room its 
eonrse is seen to be perfectly straight. To ohseire this well the atmo- 
sphere of the room should be rather dnsty, for light is not itulf vt«»6{< 
and therefore the course of a ray of light through the atmosphere can 
only be traced by its illuminating effect upon the dust and other particles 
in its path. 

Shadows are due to the tendency <\f light waves to travel always in a 
straight line, for when a wave of light comes into contact with an opaque 
hody {Le,, a body through which it cannot mnke its way) it cannot bend 
its course round into the space immediately beyond that body,* and the 
space thus deprived of light is called a shadow. 

The extent and the shape of a shadow depends upon whether the light 
proceeds from a single luminous point or from a luminous body of known 
dimensions. 

Fig. 61 shows the kind of shadow cast by the sphere C when the light 
proceeds from a single luminous point, P. 




Fig. 61 

If the plane surface P M N be imagined to revolve upon the line P O 
which passes through the centre of the sphere C, this revolving surface 
will describe a cone of space which will include, — and whose outer edge 
will always be in contact with,— the sphere C. It is clear now that the 
apex of the cone, as far as 0, will be a cone of light, and that the re- 
mainder of the cone — ^in other words, that part of the cone which is on 
the side of C remote from P— will be a region of darkness. If, therefore, 
a screen be introduced as shown in the figure, a shadow, M N, will be oast 
upon it. 

Let us now consider the case in which the light proceeds from a lumi* 
nous body of known dimensions, such as S in Fig. 62. 

Of all the rays of light which leave the luminous body, S, it is 
evident from the figure that none can enter that part of the cone, 
P A B, which lies between the sphere C and the screen on which the 
shadow is cast. 

^^— — - ,, -. ■ - * 11^ 

* Not absolutely true, but sufficiently so for our present purpose. 
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Agnlii, It ii eTident that of the ray pronaedlag frem a. all thota 
whote oonna li« id th« cone a AA' will ba interoeptad bjr C ; Onn- 
fora of thli cone that put which liaa betireeii C and tha aenan will 
ba a ihadow ; eontaquentlr, an obierrer dtoated aojvhere between 
A' and B will be nnable to lee an objeot at a, thoogh he could laa 
one at b. 

AguOiin tha uimewa;, that part of the oone, bBB', which lie* between 
C and tha ■ere«n,ii alio a ahadow, ao that aii obaetrer atatiened anjwhtre 
between B' and A will be unable to aee an objut at b, though he oonld 

Concerning tlie whole oone, P B A, it la therefara dear that that part of 
it which liea between C and the acreen ii a total ahadow, w f u ai anj 
light procaeding from the Inminoni Iwdy S ia oouoarned, bnt that inch 
portionaof theeoneP'B' A', aaliebetwaen Oand tbaac 
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Inelndsd in the cone P B A, are onl; in a partial ahadow bo far aa the light 
pToeeeding frem B ia eoncerued, that >■, the7 are deprived of «)nie of the 
light raji proceeding to tbem from S, bnt not alL 

In thii waf we get an appearance prodaced on the tet«eu lueh aa ii 
ihown in the flgare, *ix., an inner oirele of total ihadow, called the 
UDtfrnt, and an oater ring of pvtial ihadow, called the penumbra. 

That tiffU vndergoa refitetioH, atcarding to tlit Rule* tiated an page 63, 
admit* of eaiy eiperimeutal detnoaiiration bjr raeajii of the apparatnt 
■hown in Fig. 63. 

Two teleioapei, ( and f , more ronnd a rerticil circle whoia eiranmfeT- 
•nea ia graduated aa eUown in the flgnra. The inaidei of these tele- 
•eopee are blackened. At tha centre of the oirele ii the uiiror, H, fixad 
horiaontallr. 

A lighted candle hnving been placed oppocite the eje of the tele- 
■cope e, lome of the raya of ita light paaa tbrongh it, and being reflected 
from H proceed towardi the teleacope I, aa ahown in the flgare. It 
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the telesoope t be ao jwhere on the circle except in that position in which 

the angle O M < is equal to O M ^, the person looking through t will see 

nothing of the candle-light passing through f ; in other words, in order 

to catch the rays of light passing 

through ff the observer looking 

through t must place it so that 

the degrees O t may equal the de- 
grees O tf. 
It is thus proved that the angle 

of incidence ie equal to the angle of 

Vifiectum, (§21, p. 63.) 
Again, if the telescopes, t and f , 

be in the positions required by the 

law just repeated, but at the same 

time the left half of the vertical 

circle on which they move be bent 

back, so that the left half of the 

circle is not in the same plane as 

the rights then the observer looking 

through t will find it impossible to 

catch the rays passing through t' 

and reflected from M, f'or, by the 

second law of reflection^ the incident 

and the rt^/leeted ray are always in 

^ same plane, therefore a person looking through a telescope moving in 

one plane can never catch rays of light travelling in another plane. 
Before we proceed further in our study of light, it will be necessary to 

explain the following terms : — 

(L) A Mirror is a hard-polished surface, usually either of glass or 
metal, which serves to reflect light. The surface of a sheet of 
still water, of mercury, or of any other substance whose surface 
reflects light, may also be regarded as a mirror. 
(2.) An Image is the place at which an object appears to be present. 

In the accompanying figure let A be a luminous point ; then from A 
rays of light will proceed in all directions, as indicated by the arrows ; of 
these let one enter the eye of an observer at B ; this observer will see A 
in its actual position. Now let other rays fall upon the mirror and be 
reflected from it as shown by the thick lines in the figure, each ray su 
reflected making its angle of incidence, t, equal to its angle of reflection, r, 
and let one of the reflected rays also enter the eye of the observer at B. 
Then this observer will see an image of A at A' ; he will thus see two 
images of A, one due to a direct ray and one to a r^ected ray. A similar 
thing would happen to another observer at C. 




Fig. 68. 



TO ACOUSTICS, UGHT, AND HEAT. 

In thii cafe, and the aame applies to every case of reflection of light 
from plane mirrors, the reflected rays appear to diverge from a point A' 
situated as far behind the mirror as the point A, from which they actually 
diverge, is before the mirror. 



A-^j 




Fig. 64. 

It will be noticed that the ifay A O, which makes a perpendicular with 
the surface of the mirror, returns from it to A by the same course it 
pursued to reach the mirror ; hence the rule that a ray of light which 
reaches a mirror, by a course which coincides wttA th^ normal at its point 
of incidence, will he refUetedfrom Oke mirror along the same normal. 




Fig. 65. 



In Fig. 65 the my AM falls perpendicularly npon the mirror, and is 
therefore reflected back again along its incident course, consequently an 
observer at F will receive the ray M A as though it originated at some 
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point along the line FF. Similarly, an observer at G will reoeive the 
ray NO as though it originated at some point along the line G' G. But 
the point A' is the only point oommon to the two lines, V F and G' G ; 
therefore, if the observer at F and the one at O both see tlie same image of 
A, that image must be seen as being at A'. 

But it may perhaps be doubted whether they do see the same image ; 
let us therefore endeavour to prove that they must necessarily do so. 

From the accompanying 
figure it is evident that 
the two rays AM, AN, 
both enter the eye at F 
after reflection ; it is fur- 
ther evident that these 
rays after reflection enter 
the eye at F as though 
they came originally from 
A' ; therefore an image of 
A is seen at A' by an ob- 
server at F. But again, 
it is evident that the three 
reflected rays which enter 




Fig. 66. 



the eye at G also appear to come from A', so that an observer at G would 
see the image of A at A' just as did the observer at F ; and in the same 
way it can be shown that to every observer who sees an image of A in 
this mirror the position of 
that image will appear to be 
the same, and that position is 
as far behind the mirror as 
the point itself is actually &e- 
/ore the mirror; andthesnme 
remark applies to every other 
point of the object A B, con- 
sequently the image of the 
whole object, A B, will be seen 
behind the mirror equal in 
tfize and similar in shape to 
the object itself, and situated 
as far behind the mirror as 
the object itself is before the 
mirror. 

A curious tffeet of the reflec- 
tion of light by plane mirrors is shown in the accompanying figure, in 
ivhich are represented two plane mirrors placed at right angles to each 
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other. It will be noticed that the images formed by the refleeted rays 
are all lateral Inyeraions of the object P placed before the mirrors. 

This lateral inversion aJbioays accompanies the formation of an image by 
a plane mirror^ and some further curious effects are obtained in con- 
sequence ; one of them being the following :^ 

In Fig. 68 let A be a shepherd holding his orook in his left hand and 
a flower in his right. Then, from every part of his person rays of light 
disperse themselves in all directions, and among these will be one ray 
O C proceeding from G to 0', and another proceeding from F to F, aiid 
these rays, leaving C and F' as reflected rays and entering the eye of an 
observer at E, will impress that observer with the idea that the figure B 
is that of a shepherd holding his crook in his right hand (not his left, as 
in AX and a flower in his Uft (not his rights as in A) ; in short, the whole 
image B is a lateral inversion of the object A. 




F • 




Fig. 68. 

In Fig. 67 it will be observed that, counting the object Itself as one, 
there are four images of the same object presented to the eye ; if, how- 
ever, the mirrors had been inclined to each other at an angle of 60% 
the number of images, including the object itself, would have been tix^ 
according to the rule that 
the number ofim^es (including the object itself) ^ 

360^ 

the number of degrees at which the angles are inclined to each other. 

If, therefore, the two mirrors be held parallel to each other, the deno- 
minator of this fraction being O, the number of images will be unlimited, 
according to the formula that 

360° 360 - - .. 
-Qo- = -Q-= Infinity. 

This may be best shown by placing a lighted taper between two looking- 
glasses, both placed perpendicularly, as shown in Fig. 69. An image of 
the taper will be formed on each of the mirrors A and B, and an image 
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Fig. 69. 



of tHe image on A will be formed on B, and an image of the image on B 
will be formed on A, kc. , &o.i &o. Thus an unending succession of images 
is to be seen by a person look- 
ing either at A or at B. 

The Kaleidoscope is a toy 
the principle of which is the 
multiplication of images by 
two mirrors set at an angle 
to each other. It consists of 
a tube of metal or cardboard 
which contains either two 
long pieces of smoked glass, 
or two pieces of silvered glass 
set at an angle with each 
other. The tube is closed at one end by a covering in which is a hole for 
the person using it to look through ; at the other end are various objects, 
such as bits of coloured glass, beads, ke. The long pieces of glass act as 
mirrors, and the consequence is, that when the instrument is turned round 
in a person's hands the small objects at the end continually change their 
positions, and thus give rise to an endless variety of appearances, some of 
which are extremely pretty. 

These effects may be magnified and diversified by using three reflecting 
plates instead of two; these 

are arranged in the tube so as ^^^^ "*>.^ 

to form the three sides of a 
triangle, and as each pair of 
reflectors serves to form a 
kaleidoscopic pattern, it fol- 
lows that the whole three of 
them together produce pretty 
much the same effect as a 
combination of three kaleido- 
scopes. 

Fig. 70 represents the im- 
ages in a kaleidoscope formed 
by two mirrors and three 
small bits of glass which have 
fallen together symmetrically 
to form the object A. 

Another somewhat similar effect is produced by holding a lighted 
eandle close to a common looking-glass. Such a glass consists of a piece 
of plate-glass silvered at the back. When a ray of light, A B, falls upon 
such a mirror, part of it is at once reflected, as at B 0, while the remainder 
enter I the glass and (with a somewhat changed course) propagates itself 
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through the gUn tovucU the silyered mrfaoe, D G L, at the back of the 
mirror. Here it again undergoea reflection towarda the front surface of 
the gla89j and, reaching E, part of the light there nndergoes reflection 
towarda G, while the other part enters the air as E F. That part which 
was reflected towards G is again reflected from G towards J, and at J 

the same happens to it which happened at E, 
i.e., a portion of it is reflected towards L, while 
another portion enters the air as J EL 

In Fig. 71 the ray A B is represented as falling 
rather obliquely upon the mirror ; a little con- 
sideration will show us, however, that the more 
peri>eDdicularly the ray A B stril^es the mirror, 
the less will be the distance separating the ray» 
B 0, E F, J K ; it thus may happen that these 
rays may be so close togetiier that the eye of an 
observer fails to distinguish them as separate 
rays proceeding from different points; this is 
the case when the eye of the observer is placed 
directly, or nearly directly, behind the candle, 
with regard to the mirror. If, however, the 
candle be placed elote to the mirror, and the 
eye of the observer be also placed close to the 
mirror but at a distance from the candle, and the observer then look 
towards that part of the mirror which is dose to the candle, he will 
observe a number of images of the one candle arranged as in Fig. 72. 

Each of these images is the effect of the splitting up 
(by reflection) of such a ray as A B (Fig. 71) falling 
obliquely upon the mirror. 

In thU figure (Fig. 72) A is the candle itself; B the 
brightest image of it ; and C, D, E are fainter images. 

It has been already stated that the image of an object 
appears as far behind a mirror as the object itself is 
before the mirror. If now M be a plane mirror (Fig. 
73) and A an object placed before it at a distance of 
5 feet, the image of A will appear to be at A^ But if 
A keep its position while M is moved one foot nearer 
A, it is evident that A' must come two feet nearer A 
(Fig. 74). Similarly, if M be caused to move one foot away from A, the 
image A' will thereby be caused to move off two feet farther from A. 




Fig. n. 




Fig. 72. 



A M A' A M A' 

Fig. 78. Fig. 74. 

And it is evident that since the image travels in these eases over twice 
the space performed by the mirror, the velocity of the ima|^ is double 
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tbat of the mirror ; it is thus found that when a mirror ehangti itt p09i' 
tion in a direction pa-pendicular to iU ovm planet, the image of an object 
placed before it advances when the mirror advances and I'ecedes tchen it 
recedes, and that this advancing or receding motion of the image is always 
performed with a velocity which is double that of the mirror. 

In the same way we find that when a revolving mirror reflects light 
from a stationary ohject, the number of degrees by which the angle of 
reflection increases is equal to double the number of degrees through 
which the mirror passes, or, in other words, the angular velocity of .the 
refUcUd ray is double that of the mirror which r^ects it. 

In Fig. 75 it can be seen that when the mirror — which revolves on O— 
is in the position A B, the angles of incidence and reflection are each 
angles of 30° ; but when the mirror has travelled through 15" to gain the 
position A' 3\ the reflected ray has been caused to take up a new position 
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removed by 30° from its former position. * While, therefore, the mirror 
Das moved through 15% the reflected ray has moved through 30* ; there- 
fore the angular velocity of the reflected ray is in this case double that of 
the mirror which reflects it, and a little consideration will show us that 
this must be so in all such cases. 



(3. ) Modes In which Heat is Propagated £rom Point to Pcint ; Seflec- 
tlon of Badlant Heat by Plane Snrfa^^e. 

There are three ways in which heat may be translated from one point 

to another, viz. 

lat. Ckmvection, which is the actual carrying (or conveying, henee the 

word "convection*^ of heat from one place to another by a 

body which itself moves and carries the heat with it, as when 

. a body of heated air rises into the higher parts of the atmosphere. 
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Zd. OondnoUon, whieb in ths pauios qd of heat raji from pwtdde to 
porticla of ■ itationary bod; ; u wheo t, poker — one end of vhiob 
ii in the fire— becomsa heated at iti other end vhich b nnne 
diitanee (ram the fire. In thu cue the poker ai a whole remuu 
withont motioD, bat the heat of (he Gee pauing from one end of 
it to the other doei ao by reann of a Tibrator; motion com- 
manieated by the Gre to the partiele) of the poker in iounediate 
proximit J with it, and bjtheu traniiDitted to other* oeur them, 
and w on to the other end of the poker ; thni the poker ai a 
whole remaini unmored, while each of iti eomponent portiolsf 
ia in a atate of more or leai mpid Tibretion. 
3d. Radiation, vhioh is the pusing of heat from paint to point of apaoo 
by meani of vibrationi cocainnnicated to the other which ia 
auppoaedto permeate all bodiei, and to Gil all apace not occupied 
by ponderable matter ; ai when the heat of the aun teachei the 
earth and other hesTenly bodiei, and doei lo by patiing 
beticeen the particlei of which onr atmoaphere ia composed, but 
heating none of them. Buoh heat trarela alwaya in itraight 
linea, or rayi, and ia hence called radiaal heat. 
We will now deicribe loma experimenti illuatrative of thete different 
muthodi o( tranimitting heat from point to point of ipaco. 

Wnber, like m-ut other bodiei, expauda wlien heated and contract* 
when cooled, ■□ that, balk 
for bulk, it ia rendei«d 
lighter by heating it and 
heavier by cooling it; eon- 
aeqaently in Fig. 76 the 
vater juat above the mouth 
of the Bunaen'a burner, B, 
beoomea lighter tlian that 

qneutly riiei towaidi the 
top of the water while 



Ftg. r«. Pig. 77. riieB,andtbniiaeatabUahed 

' the circulation ihowninthe 

flguie. In Fig. 77, oa tbe contrary, a oircnlatiDu, due to the preieoce of 

a lump of ice at the anrface of the water, in all reipecta the ravene of 

that in Fig. 76, Ii let up and maintained. 

In both theie osaei heat ia carritd from place to plaee b; the moTing 
water; that water which riaea carriea with it more heat than that which 
■inki, and viet vend, that which linka carriea with it leaa heat than that 
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which risei ; in both eases, howeTer, heat U actuallp carried by moving 
mutter. 

These ezperimenti illustrate the transmission of heat by eonveetum, and 
it is here particularly to be noted that a cold body can as well give rise to 
convection currenta as can a hot body. And it may also here be noted 
that there is really ho such thing as cold ; '* coldness ** is simply ahtenee 
of heat, and it is thus clear that convection currents will always be set 
up whenever one portion of a fluid body — ^be it either liquid or gaseous — 
possesses more heat or less heat than other portions beneath it or sur* 
rounding it. If, however, the hotter portion be superincumbent upon the 
colder, such currentstare not set up, and as the following easy experiment 
will serve to show. 

Fig. 78 represents a test-tube filled as full as possible with water, and 
having a piece of ice at the 
bottom. As ice is lighter 
than water it would rise to 
the surface unless preTcnted ; 
this can be accomplished by 
twisting a piece of copper 
wire round the ice; it then 
, sinks as shown in the figure* 

The water at the surface is 
now heated by means of the 
Bunsen's burner, B, and it 
can then be seen that the ice 

remains a good while nn- p{- ^^ 

melted, because the heated 
water at the surface has no tendency to descend to the bottom of the 
tube where the ice is. Ultimately, however, the ice will be melted 
because the heat at the surface will travel downwards by conduction, the 
reason why it is so long in doing so is that water, like most other fiidds, 
does not possess the power of conveying heat rapidly from particle to 
particle of its own substance, in other words, water is a bad conductor 
of heat. 

To make the above experiment perfectly conclusive, put another piece 
of ice in a similar tube, and let it float at the surface of the water, and 
place the burner, B, at the bottom of the tube, thus to obtain oouTection 
currents, and then notice how rapidly the ice will melt. 

From this experiment, it is clear that when rooms are heated by a hot* 
water apparatus the furnace for heating the water must be lower than 
the rooms to be heate<l, for hot water cannot be made to descend to 
a lower level. The same remark applies to air and other gases. These 
hare very small rondvcting powers indeed ; hence rooms can be kept cool 
is summer and warm in winter by making their windows double, so as t6 
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meliide a qnantttj of tar between the inner and the onter panes of glam 
Tbe air so enclosed preyents the passage of heat by eondnction oatwards 
in winter and inwards in sommer. 

In the same way woollen clothing is w aimest in winter and eoolest in 
snnuner, becaoae its heat-condacting power is amaller than thai of most 
other snbstanees used for dothing. In winter, therefore, it refoses, as it 
were, to do mndi in the way of conducting off animal heat from the 
body, and in summer it de^nes to do much in the way of conducting 
solar heat inwards to the body. For the same reason we wrap ice in 
flannel to keep it from melting in hot weather. It must be carefnlly 
noted that tubitanea uaed for datidng fHwaett no heating powen of their 
own; they act simply by preserving to the body the heat generated 
in itself. Black substances, as a role, possess higher radiating 
powers than do white ones. Consequently, a black garment senres 
quicker to cool one — ^by allowing heat to be abstracted from the body— 
than a white garment. But subglaneea which are pood radiatore of heat, 
that it, which potteu great powers of parting with heat, are aieo great 
abtorbers of heat, and vice verad^ being thus not unlike one to whom a 
great fortune comes suddenly and unexpectedly, and who at once begins 
to squander it, according to the adage *'Lightig come, ligh&ggoJ* There- 
fore, dark substances, which radiate heat freely, also absorb it freely ; 
consequently a black coat is not only cooler in winter than a white one 
of the tame material, but is also warmer in summer. 

Polished substances absorb heat less freely than do rough unpolished 
ones ; henoe, in order that a kettle may absorb heat quickly and thus boil 
in a short time, it is well that it should be hlaek with soot, but in order 
that it may keep hot a loog time after being removed from the fire, it is 
necessary that it should be polished and not black, for the polished 
surface, being a poor absorber of heat, is also a poor radiator. Henoe it 
would hi^pen that, if a brightly polished teapot were filled with hot 
water, it would cool slowly, because of the low radiating power of its 
polished surface ; but if it be now surrounded closely with a rough 
flannel, it would cool quicker, because of the higher radiating power of the 
flannel over the polished surface of the teapot. But the student will ask, 
*^ Why do we, then, ute * cosies* for keeping teapote warmV Tbe answer 
is that a cosy, does not fit closely to the teapot, but is always made to fit 
80 loosely that it encloses a considerable Tolume of air between itself and 
the teapot : this air, being a bad conductor of heat, acts as a check upon 
the passage of the heat ^m the teapot to the cosy itself and so to the 
outer air. Badiant heat is subject to reflection, like light, and the cosy 
again senres to restrain the passage of heat from the teapot by refleetittg 
it back again after its passage through the enclosed air. 

The radiating power of a body has thus been shown to agree with it« 
ft^««r^"g power; in other words, we hare pointed out the reeiprocitp of 
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radialum and ahsorption. Further, we have shown that the radiating 
power of a hody depends upon 

] st, The nmghnest or itnoothnett of U» iurfaee ; 
2d, The colour of Us turf ace. 

It also depends upon 
3d, The material of which its surface is composed. This is dear from 
the fact that the cooling of a body may be accelerated, in certain cases, 
by surrounding it with flannel as mentioned above. 

The cooling (or heating, as the case may be) of vessels may be retarded 
by surrounding them with any loosely-compacted substance, such as 
straw, sawdust, felt. The action of these substances, in preventing the 
transmission of heat, is supposed to be due to the presence of air in the 
interstices of the substances. For this reason felt is much used for cover- 
ing outhouses, and sawdust and straw in packing ice. 

Sound, as well as heat, has its transmission retarded by sawdust and 
such substances. For this reason the under parts of railway carriages 
are sometimes lined with layers of sawdust, and the sound of the wheels 
is thereby much diminished. As heat and sound, in this case, are 
obedient to the same law, it is but fair to argue that they are of similar 
natures, and that therefore the conduction of heat is a phenomenon 
exactly resembling the transmiBsion of sound, both consisting in the 
propagation of a vibratory motion from particle to particle of a material 
body. 

As already stated, pases and liquids are poor conductors of heat, lo also 
are all organic substances: the best conductors are the metals; of these, 
silver stands first: thus, if the conducting power of silver be 100, we 
may state those of some other metals thus — 

SUverlOO Gold 53 Iron 12 • Platinum 8 

Copper 74 Tin 15 Lead 9 Bismuth 2 

The different relative conductivities of meitals may be illustrated by 
ta^perimentSi thus — 

A B, A C, are bars of iron and copper respectively, eaoh of the same 
size, and eaoh having small balls of wood attached to it at equal distances 

B ^ ^ 




6 6 Irs— 6 6 A 3 



Fig. 79. 

by means of wax. A Bonsen's burner at A serves as a source of heat to 
both bars, and the greater conductivity of the copper is shown by the 
greater number of balls which fall from A C in a given time, owing to 
the melting of the wax which attached them to the bars. 
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Fig. 80 ihowi «a apparatni conBtruotad to not on ths uma prinoipla 
ta the lut ; a, b, e, d, e, bts rodi of iron, eopper, wood, gUaa, ke., coat«d 
with wax ud iatarted in the tide of a tTougL, whioh b then filled with 
boUing oil ar WBter. The heat ii found to be oondnoted fi different ntee 
through the ri>di,a, ft, e, d, 
t, tMlt Keu bj the d[SeT- 
ant diBtanccB from the 
trongh to vrhioh the wax 
on them mella. 

Anotbar method, pro- 
ceeding on ft lomewhftt 
different prinoipla, li ths 
following ; — 

la Fig. 81 ii repreaented 

Ik bar of matal, beiited br a 

isen't burner at one end, 

and hnring holei drilled 

it at regular distAnoei, 

into whioh the tin; (hermo- 

Pig. 8u. metera, a,b,e,d, e, /, g, are 

inaerted. 

Aa the heating oontinaea the meranTj gradually riaea in these thenno- 




netan, but al 



onaryin 



nail, a 



whenti 



JJJjjJ 



it ii found that the heighta of the menmrj In theae thermometera 
gradually become leas towarda tha end fartheat from the heat 
The amoaat of tha falling off of the beat tor thia lur having baan 
noted, the bar ii re- 
moTed, and a aimilar 
one of a different 
metal ii anbatiluted, 
and the falling off in 
thineaaaii alio noted. 
Suppoie it to lie lesa 



itat a better 
or a woraa eonduo- 
tor of beat than the 
otberT 
It know why the mareury 
Now, wa know that the only 
:b temperalore oeaaea to riae, In other 
worda, it oeaaea to recaive more beat than it loaea by radiation into the 
auiTonnding atmoaphare. Tha raaaor. why the marcnry becomea atation' 
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try ihtn it, thkt the bttr haa nair entered upon that itite in wluoh it 
lose* u much bj rndintion into the ur aa it gaina b; coDdnction from 
the end near the buraeF. But from the time the heat itBrted oa iti 
eotine toward! a, it hni been eonitantly deoreaaing la amount, beeanis of 
the radiation going on ; alao, while puiiog from a to 6, radiation haa alio 
been continning, and ia clear that the longer It takei the heat to paaa 
from a to A the greater will be the loia b; radiation which takea place, and 
the greater therefore will be the difference between tba heigbti of the 
mereiuy at a and b. Conaequentl; if, 
M we auppoaed, thii difference in the 
CUM of the aecond bar ii leaa than tbat 
in the firit bar, the aeoond bar ie ot the 
two the better condnctor. 

The conduotiTJty of ailver being 100, 
tbat of Qerman allver ia 9 ; therefore, if 
two apooni. one of ailver and the other of 
Oermau ailver, be placed on a tripod in 
■ beaker of hot water (Fig. 82), the heat 
Win reach a bit ot phoaphocna, F, on the 
^Irer apooD, and inflame it long before 
the aame thing happeni to the pfao*> 
phoniB on the other apoon. 

Ad inatance of the r^tettoa of radtant 
Aeof bg plant nrrfaea ii that which takea place when the heat frotn • 
fire ia reflected forwarda into tlia room bj meana of glazed tllea ronnd 
the fireplace. 

4. S^tetion of Smmd, Light, and Beat by Cvrved Sur/aaet. 

(L) When the light from a body ia reflected bj a aarface which ia not 




Fig. 81 



fiat, it almoH ilwnji prodnoea a diatorted Image of the object. In eTaiy 
•KM in which the image ot the object it no< ao diatorted, the mirror, if not 
» plane one, ia one whoee anrhoe forma a aection ot a ephere. Snob 
■pheiloal mln«ra may be cither toneave or eonvtx. 
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If in the straight line AB (Fig. 83), we take the point C u the eentre 
of the arc MN, then MN represents a spherical mirror^ concave to light 
coming to it from the left: the line AB represents its principal axis; 
the point C is its eentre of cvrvature; and the point Dia the middle of the 
mirror; and the point F, sitnate midway between C and D, Ib the 
principal foeue. The distance FD is the focal length of the mirror. 

(2.) Geometrically, a sphere is considered to be made up of an infinite 
number of minute flat surfaces, and we make the same supposition in con- 
sidering the reflection of light from onrved surfaces. In order, there- 
fore, to understand the reflection of any particular ray of light from the 

curved mirror MN, we consider only what 
would happen to it if the surface of MN at 
the point of incidence of that particular ray 
were flat instead of curved. Now we know 
already (page 69) that, in the case of a ray of 
light incident upon a plane mirror, the 
angle of incidence is equal to the angle of 
reflection ; but, in order to apply this to 
the case of curved mirrors, it becomes ne- 
cessary to know how to find the normal to 
a curved surface. By geometry we know 
that a line which just touches a circle, 
as ABC (Fig. 84), is necessarily at right 
ancles to a hkUus, BO, of tiie oirole, drawn to the point of contact. If 
then we regard the point B as part of the circumference of the circle, it 
follows that the radius BO is at right angles to the point B. 
From whioh we learn that a normal to any point in a spherical mimrp 



ri^ 



fig. 84, 




Fig. 8ft. 



map be described by joining that point to the centre of curvature of the 
mirror, 

(3.) In the accompanying figure (Fig. 85), if a ray of light leaving A 
travel along the principal axis AB, it will again return along it to A once 
more, for, in this case, CD is part of the incident ny; the angle o/ 
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incidence is therefore nil, and the angle of reflection ii oosBequentlj also 
nil : therefore the ray returns by the way it came. Now the rays ME, 
NO, PK, RL, and all others which, like them, proceed to the mirror in 
directions which are parallel to A6, will, after reflection, pass through 
the point F, which, as we have already said, is the principal foeut of the. 
mirroTf and is situated midway between the points C and D. 

In the figure the normaU are indicated by the dotted lines, and it must 
carefully be noted that the angles of incidence and reflection are in each 
case equal to each other. 

. If a luminous point be placed at F, then it is clear that the rays FE, 
FG, FK, FL, wiU, after reflection, take the courses EM, GN, KP, LR, 
because they thereby conform to the law that the angle of reflection is 
equal to the angle of incidence. 

(4.) In Fig. 86 it is clear that the ray PD wiU, like AD in the last 
figure (Fig. 85), return by the way it goes to the mirror. Now we know 




_______^. 

*•'*' 



Fig. 86. 

that all the rays, PB, PD, PL, which leave the point P, will meet 
together in some part of their reflected courses; since, therefore, the 
reflected course of one of them, PD, is known to be DP, it follows that 
all thoee of the rape leaving P which fall upon the mirror mutt neet 
together (ie., hefocusted) at some point in PD. 

But, since the angle of reflection, CEF, corresponds to the angle of 
incidence, MEG, it is evident that an angle of reflection smaller than 
CEF will correspond to the incident angle PEC, which is smaller than 
HEC ; therefore the ray PE will, after reflection, take a course some- 
where between EC and EF, as Ep. Therefore F will be the point at 
which all the rays from P, which are incident upon the mirror, will be 
brought to a focus. 

And similar reasoning will show us that if th« point P be brought nearer 
to C, then the point F will also come nearer to till they both meet 
at ; for then the incident ray will take its course by way of the normal 
CE, and will therefore return by the same way. 
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But if we still imagine P to more on its course towards the mirror it 
will presently reach F', and then the focus will be at P, so that the 
luminous point and its focus have made an interchange of positions. 
Because of this interchange — which is always practicable— the two points, 
P and F, are called conjugate foci. 

When P reaches F its rays, of course, leave the mirror in directions 
parallel with each other and with the principal axis. (See 3, above.) 
But, when it passes F and so attains a position, P', where will its rays go 
after reflection? It is clear that the angle of incidence P'£0 is greater 
than the angle of incidence F£G, therefore the angle of reflection cor- 
responding to P'EG must be greater than the angle of reflection OEM ; 
evidently, then, the ray P'E will, after reflection, take the course EP'. 
But the ray P'D will return, of course, by the way it goes to the mirror, 
«.e., in the direction DF. But the courses EP' and DP' will never meet 
towards the left, ».«., towards the direction in which the reflected rays 
move ; but they will appear to come from a point, P'', beJiind the mirror, 
as shown by the dotted lines. In the same way the ray P'K, after reflec- 
tion, takes the course KB, as though it also came from P". 

Such a point as P" is called a virtual focuty because, although rays of 
light do not really proceed from it, they produce upon the eye an effect 
which is the same as though they did actually proceed therefrom ; and 
the image at P" is a virtual image of the object at P'. 

(6.) Having now shown the different positions of the image of a luminous 
point which is made gradually to aj^roach a concave mirror along the 
line of its principal axis, we will now endeavour to see what happens when 
the object is not on the line of the principal axis. 

But, to prevent the possibility of misunderstanding, we will here re- 
mark that the eye of an observer so placed as to receive one of the 
reflected rays in the last figure— or, indeed, in any other case — will see 
an image of the object. Thus, the observer at P sees the image P", so do 
the observers at P' and B ; although the positions of the observers vary, 
that of the image remains the same in all three cases.* 

Let it now be required to find the point at which all the light rays 
proceeding from the point P (Fig. 87) will be brought to a focus. 

Of the rays proceeding from P in all directions there will be one, PL^ 
which will pass through, 0, the centre of the curvature ; but this one will 
strike the mirror at right angles to its surface, and will therefore return 
along its own course again : therefore, if PL meet any other of the rays 
proceeding from P, it must meet them somewhere in the PL or PI* 
produced. 

And this must evidently be the case whatever be the position of the 
point P. 

■ -■' I ■■ I. . ■■ Ml I ■■!■ II I ■! M^ —J^ ■ ■ ■ . ■ ■ ■ ■■■ ■■■■■■ ■ ■■ ■ ■ * M ■— ■! -■■— ■ — »■■ -■■1^1 ■ ^ ■■ — ■* 

* Not absolutely true. Bee page 91. 



RECTILINEAR MOTION. 65 

The line PL is called a secondary tixis, and it is now clear that when- 
ever we are called upon to determine the position of the image of a 
luminous point formed by a spherical mirrpr, the first thing we must do 
is to join that point with the centre of curvature of the mirror, (as PC, 
above), and produce the line to meet the mirror (as PCL, above) ; the 
line thus formed is called the secondary axis if the point be situated as 
P in the accompanying figure, and the principal axis if it be situated as 
P' in this figure, i.e., in the line of a normal drawn at, D, the middle of 
the mirror. 

We have shown that if the rays from P be foeussed at all it must be 
at a point somewhere on the line PL (or PL produced, if necessary). 
Now, if we can find the point at which any one of the rays leaving P wUl, 
after reflection, cut PL, we shall know that all the other rays proceeding 
from P will cut it at the same point. But we know that the ray PR, 
parallel to the principal axis, will, after reflection, pass through F as RF, 
and, continuing in this course, it will cut PL in P'' ; therefore P" is the 
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Fig. 87. 



focus for all the rays proceeding from P which fall upon this mirror : 
€.g.<, the rays, PM, PN, both are reflected to pass through P". 

We have to remember then that, in order to fix the position of the 
image of a luminous point not situated on the principal axis, we must 
1st, Draw its. secondary axis ; and 

2d, Draw one of its rays parallel to the principal axis, reflect it 
through the principal focus, and continue its course till it inter- 
sects its secondary axis. 
N.B.^lt will be observed that P and P" are conjugate foci, and there- 
fore rays proceedir j from P" will be foeussed at P. 

It is now clear that if the luminous point he farther from the mirror than 
C, its image will be formed somewhere n''%rer the mirror than C7, hvA not so 
near as Fy and vice versd, 

(6.) In Fig. 88 the point Pi<3 nearer the mirror than is the point F: 
in this ease we proceed, as before, to draw the secondary axis, PC, and 
then to trace the course, PMF, of the ray, PM, whose incident course is 
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pArallel to the principal axis ; but we find that, in this case, the lines PC 
and FM can only be made to meet by producing them backwards, aa 
shown by the dotted lines, and in this way we get a virtnal image of 
P at F. 




Fig 88. 



(7.) Having now oonsidered the positions of the images of a Inrainons 
point, let ns proceed to apply this knowledge to the consideration of the 
positions of images of a luminous body of sensible dimensions. 

In the present figure (Fig. 89) the points A' B' are determined in the 
same manner as was P" in Fig. 87. (See 5, above.) 

From this figure we see that if an object be farther from a concave 
epherieal mirror than it its centre of curvaturet the image of that object 
foiU be a real one, will be smaller than the ofyect itself inverted also, and 
situated between the centre of curvature and the principal focus. 

And again, since the points A and A' and the points B and B' are two 
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Fig. 80. 



pairs of eonjugate fod, it follows that an image of an object A'B' would 
be formed at AB. Therefore, if an olject be placed between the centre of 
curvature of a concave spherical mirror and its principal focus, the image 
of this body formed by the mirror wHl be a real one, will be larger than the 
object itself, will he inverted, and will be situated farther from the mirror 
than is its centre of curvature. 

(8.) In the present figure (Fig. 90) the points A'B' aie determined in 
the same manner as was P' in Fig. 88. (See 6, above). 
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From tMs figure we see that if an dbstct he plaeed between the principal 
foeui of a mirror and the mirror iUdft the image of this object will be 
larger than the object ittelf^ wiU be upright^ and wiU appear to be tituaUd 
behind the mirror^ and wUl therefore be a virtual image. 

The student will be able to Terify theie things, in some measnre, by 
causing his face gradually to approach a concave mirror; at first his 
image, as presented by the mirror, will be small and inverted, then 
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Fig. 90. 



comes a moment when everything seems confused, blurred, and indis- 
tinct, and lastly he sees his image large and upright. 

(9.) Convex mirrors never cause rays to converge ; whenever, therefore, 
aa image is formed by a convex mirror, that image is a virtual one, for it 
appears behind the mirror. 

The two principles mentioned above, as enabling us to determine the 
formation of images by concave mirrors, apply also to their formation l^ 
convex mirrors, as we shall see immediately. 



o «;s::i-; 




Fig. 01. 

We have already seen that a ray of light, incident upon a concave mirror 
in a direction perpendicular to its surface, is reflect-ed upon itself ; the 
same is true of a convex mirror. 

In the present figure the incident rays, Aa, B6, cn>, Ee, 6^, all strike 
the mirror perpendicularly ; for they are each a continuation of a radius 
of curvature^ i.e., a line drawn from the centre of curvature, C, to the 
mirror. Consequently, all these rays are reflected by the way they 
came. 
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In the aiseompanying figure (Fig. 92) the dotted linei proceeding from 
O are radii of eurvctture, consequently their continaationa form normals 
for the incident rays As, B6, Be, Qg, Mm, Nn; and by oonstracting the 
figure in such a way that the reflected rays, aA', 6B', eEf, gG', mMi\ nN', 
make their angles of reflection equal to those of incidence* we flnd that 










Vig.92, 

all these reflected rays appear to proceed from the point F ; and there- 
fore F is the principal focus in this as in the concave mirror, and this 
principal focus may be defined as that point on the principal axis from 
which all the rays of light incident upon the convex mirror in a dtrec- 
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tion parallel with the principal axis appear to proceed, af fcer reflection, 
from the surface of the mirror. 

(10.) The image A'B' of the object AB is formed by attention to the 
two points mentioned nearly at the end of 6 (above). By joining AC and 
BC we obtain secondary axes, and then taking the rays, AM, BN, which 
are parallel to the principal axiR, we draw the lines, MF, NF, to the 
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principal focus, and where theie intersect the secondary axes we get the 
points A' and B', and are thns enabled to describe the image A'B'. 

From this we learn that iS ^""^ obgect be placed before a convex spherical 
mirror, the image formed by the mirror will be erect, smaller than the 
object, and virtual^ 

(11.) SphetHcal Aberration, — In dealing with the reflection of light by 
mirrors, we have hitherto spoken of spherical mirrors in a rather loose 
way, f6r most of the propositions laid down as true of spherical mirrors 
are only true under special circumstances, but are strictly true of parabolic 
mirrors. For instance, although it is true that the rays of light which 
fall upon a mirror parallel to its principal axis are focussed at F when 
these rays lie pretty near to the principal axis, it is not true of them 
when they are removed some distance from that axis. 




Fig. 94. 



If the student constructs for himself, on a large scale, a figure corre* 
spending to Fig. 94, and then, in order to simplify the figure, rubs out 
the dotted lines which are normals and the light lines which indicate the 
incident rays, he will have only the dark lines remaining, and these 
indicate the reflected rays ; and he will then see that the reflected rayg 
CV and VD intersect each other at the principal focus, F ; that IVD and 
E'E intersect at a point near the principal focus; that E'E and O'G inter- 
sect at a point still near the focus, but not so near as in the last case ; 
that G'G and K'K intersect at a point comparatively distant from F ; and 
that K'K and VL intersect at a still more distant point. 

Now it is possible for an eye situated at C, that is, roughly speaking, 
on the principal axis, to receive the rays C'C and D'D (and all the rays 
intermediate between them, and of which there will, of course, be a great 
number in any actual case) ; to such an eye there will appear to be a 
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bright spot at F, wbere these nys intersect, in fact, the rajs will appear 
to come both from F. 

In the same way, an eye so situated as to receiTe any other two of the 
reflected rays will see bright spots at their point of intersection, and 
therefore an eye so situated as to receire all these reflected rays will see 
bright spots at aU their points of intersection. 

Now, concerning these points of intersection, two things may be 
noted: 

1st. That a great many of them lie dose to the principal focus, F, 
and that those which do so lie close to F are the points of 
intersection of those reflected rays whose incident rays strnck 
the mirror near to C, and whose incident courses therefore lay 
near to the principal axis. 
2d. That through these points of intersection a cunre might be drawn, 
whose cusp should be situate at F. (See the line drawn thus 
— . — . — . — in the figure.) Such a curve is called a catutie 
curve. 
(12.) The accompanying figure is intended to show that the same two 
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things are true of rays direrging from a point, P, situated on the principal^ 
axis, that we hare just shown to be true of rays parallel to that azi% 
▼is. :— 

1st. That there is a crowding together of points of intersection at one 
point, /, the points thus crowded together being the intersections 
of rays whose points of incidence on the mirror lie near D, the 
centre of the mirror. 
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2d. That thB poinU of inteiMction, r,g,k,l, kll He in ■ emitio onrre 
u ghown bj ths line thuj — .— . — . — . 

(13.) Ftdiii Fig. 9S it ii erident that «n olNerreT stationed at B will 
■ea>D iniag«of Fat/, anobwireratSwillMeitatp, aDdanobHrrerat 
T iiill IM it at t, &o. ; in iliort, tbe pontion of the imaga of F will raiy 
■mording to tha podtian of th« obasmr. 

Ii li alM aTidant from the ume flgnre tlut the image uen at a point 
near /Till l>e brighter thui one leeniita greater diitanoe from/, became 
of the greater number of laji vhieh practitally coDTOcge on/; in fact, it 
ii muidly uiumsd that all the ray ■ incident upon the mirror within 8° of 
the drole wboie centre ij D are focaued at/. 

(14.) The oaQBtic euTve ii eridantlf the loom of the pointa of intense- 
tion of nja refleoted from a minor ; bnt vhenever theie rayi pan or 
appear to paai through one point the oaoatio then ii aimplj one bright 
■pot, thni, " the eatutla of an eUipm, the Inminom point being in ana 
focni, ia the other tocui ; of a parabola, for taji coming parallel to the 
aiis, it ia tha focua. Tha canatia of a plana mirror ii the point aa far 
behind the ffliiror la the Inminoni object i* in front of the mirror on the 
aame nonnaL"— [Oplict, by Airy.) 

(15.) An txptrinmtal iiluttralum «} tie formoiioit ef a eauttie atnt ia 
exhibited in Fig. 96, in which 
the raT* of a candle falling 
npon the conoave anrface of a 
tnmbler, prodnce upon the anr- 
face of the milk contained in the 
tnmbler a cuire of bright light : 
thii ia a oauatia enrre. It will 
be aeen that the cup ii aome- 
what blurred in the actmU 
experiment; thii, and, in faot, 
the whole appearanoe of tha 
enrvH, ii dne to the abfrration 
of light by the concave apheri- 
oal aurfaee from which it ia re- 
Seoted. 

Similar appeartDcea nay be '° ° 

prodncad bj caniing the rayi of the ann, or of a tamp or candle, to fall 
npon a pieee of watch apring bent in the Form of a aemicirole and rarting 
npon a white anrface; the coneare pact of a bright ipoou alu will prodnce 
■imilai appearanoea npon a tablecloth. 

(16.) Tier^ceiono/iounri AycurMdMr/atetiiregnlatedby theume 
lawi which gorem the reflection of light t>]F curved mirron, and may be 
tbni aiuttrated :— 

la Fig. 97 the lound waves proceeding from a wateb are reflected into 
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«ii ear-tmmpei, and it U in accordance with what we have learned re- 
specting the reflection of light, to suppose thav a person using the ear- 
trumpet at T will hear the tickings of the watch with greater distinctness 
than he would at the point P, although the latter point ia actually 
nearer the watch than is the other point. 
Also, since the points T and F may be regarded as acoustic coniugate 




Fig. 97. 



foci, it follows that if the positions of the watch and the trumpet be 
interchanged, a person using the trumpet at F will distinctly hear the 
tickings of the watch at T. 

In Fig. 98 the tickings of the watch, W, placed at the principal focus 
of a concave mirror, are reflected in directions parallel with the joint 







Fig. 98. 
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principal axis of the two mirrors, and are collected by the ear-trumpet, 
T, placed at the principal focus of the other mirror. 

Here, again, W and T may be regarded as conjugate foci^ and therefore 
the positions of the watch and the trumpet are interchangeable without 
interference with the effect produced. 

. Buildings, sometimes by accident and sometimes by design, are so con- 
structed that sound waves are reflected in such manner as to produce 
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curious results. For instance, there is in Paris a room whose ceiling is 
elliptical ; the consequence is, that slight whispers proceeding from a 
person standing in one of its foci are distinctly heard by a person standing 
in the other focus, although perfectly inaudible to persons stationed be- 
tween them. 

(17.) The reflection of rcuOant heat may also be shown by this apparatus. 
A red-hot ball is hung at W, and its heat rays being concentrated at T 
ignite a piece of phosphorus or a quantity of gunpowder placed there for 
that purpose. 

That radiant heeU is reflected in a vacuum as well as in air^ was proved 
by Sir Humphrey Dary by means of an experiment somewhat similar to 
the one just described. He used reflectors, as in figure 98, and, placing 
them in vacuo, he fixed a delicate thermometer at T, and at W* he 
arranged a platinum wire rendered incandescent by means of a galvanic 
current, and he found that the mercury rose several degrees. 

Application is made of the reflection of radiant heat in the construction 
of ** Dutch ovens ** and roasting "^ jacks ; *' these are so constructed that 
nearly all the heat incident upon them is reflected upon the meat to be 
roasted. 

If.B. — ^If a concave mirror be placed so as to receive rays from the 
sun, a piece of paper placed in its principal focus will be set on fire by 
the reflected heat. 

22. Befractloii. 

(1.) Whenever a wave which is travelling through a medium of a certain 
density becomes incident obliquely upon another medium of a different 
density ^ the course of that wave is diverted towards the normal if the new 
density he greater than the former ^ and from the normal if the new density 
be less than the former. 

Thus, a wave which has been travelling through air changes its direc- 
tion when it becomes incident upon a body of water, and takes a new 
course lying nearer the normal than its former course did. 

In the accompanying figure (Fig. 99) the incident rays, PC, PO', pro- 
ceeding through air from the luminous point, P, become the' refracted 
rays, OP, OT", proceeding through water. 

The law of r^raction may be understood from the construction of this 
figure. Let the student draw the rays PO, PO', and then with centres O 
and O' and distances OP and OP respectively, construct the two circles 
indicated in the figure. From P let fall the perpendicular PR, divide 
OR into four equal parts, and take OS equal to three of these, so that 

OR_4 
OS"" 3' 
then from S let fall the perpendicular SF to cut that cirole whose centre 
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liO; }(^OP'. Then OF i* tbe dinoticu of tbe nfneted nyiMldNit 
atO. 

Similvly, diride CE into four oqnsl parti, Uka CfS equal to threo of 
thM«, tai draw the parpandioalu S'P" to cut the cirde whoie ocDtn ii 
C Jwn CP', then OT" ii the dirvcUon o( the refracted ray inddgiit 
at <y. The chief thiikg ben to be noted ii that 



OR 



OK O^ 



Th« Tains I called tAetiufazo/rt/'nielianiitnLealv«7iiAn air and 
wata are the media of piopagatioiL 

If.S.—It mart be noted, 
lit. That when light ii incident apon the lurfaee of a bod; of vater 
IT iboWD Id the figni'e, a portion of it ii rtgt^arlg 




Flg.W. 

robrtrf, another porHon is tiTB^uiorfjir^ftBtof (it, <K«p*rie<fl, 

and the Temunder enten the water and aodeixoea refraction. 
Sd. niat of thaie three portion!, tbe one vbioh ii regnlarlr reflected 

and the one which ii refrmcted both oontinns in the plane of 

tbeii inddent rnj. 
3d. That the portion rejularfy reflected may meet the aye of an 

obaerrer and git« riu to the foimaldon of an image at in a plane 

■nliror. (See ^100.) 
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4(lu That Then light which hoi been paiiing through one mxUam 
bBDomea inoidant upon another medium, the Talne of th« index 
of refnotion chuigej with m. aioLUgo of the medim oonoemed^ but 
not inth a henge 'd the uigle of in 'd n s Fo example if 
gbia be mba tnted f wite in Fig 99 tbe mdez of refraotioD 
will be a vbate er be the angle at vhi h he raj wh h baa 
been p pagated through be ai nu-j ■ nke the ratface of the 




Cth. That laja of light oripnating at P* and T" (Fig. 99), and taking 
the dirertiona P'O, P'O* raapectirelj, vill be refracted in tha 
direotioni OP, OT reapeiiiTalT, and will thni meet 1b P. 

TMa law of refraction, via. , that with the game two media of propaga- 
tion the Talue of .^ ia oonitont, maj eaailj be ahown to be In oonformit/ 
with what i< nailed the " Lum of Sina ;" »attSloyrt: — 

In the aooompaojing figure tbe line KQUOtt perptndicular, and tbe 
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lin« AB if CAe hypoUnvte of the angle ABC, and it may be proved hy 
geometry that whiU the angle ABO rtmaine unchanged, the rdaiian which 




cLcLJLei 



tig. 101. 

AC bean to ABU conetant; thia may be otherwiae expreMed, thmh- 

AC A'C _ A"C^' __ A^^^C^'^ 
AB^A'B '"A"B ~A"'B 

And the Talne of thw fraction ^ia called the Hne of the angle ABC. 

Now in Fig. 99 we have 

POn =s the angle of incidence, and 
FON = the angle of reflection, 
and therefore 

the Hne of the angle of incidence = the sine of the angle POn 

_ Pn 
-OP 

- »2 (t) 

and, the tine qf the angle ofr^/leeUon = the ime of the angle FON 

FN 
~0F 

SO 

""OF 

SO ««•% 

^ 7vp»«»»»» V^h 

Therefore, arranging the Talnea (L) and (ii) we get the following 
fraetioii:— 

BO 
the nne of the angle of incidence _ OP ^ BO 
the line of the angle of reflection SO SO 

OP 

BO 
Bat experiments ihow ni that thii fraction oq u a constant quantity ; 

it follows then that 

the sine of the angle of incidence ^ ^ ^^^^^ qnantity. 
the sine of the angle of reflection ^ 
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This- constant quantity is called the Ividtx of Beftaeti&n^ and, as before 
stated, is, in the case of air and water, |. It may be defined as that 
numerieal quarUity hp which the angU of Refraction mutt be multiplied to 
find the angle of incidence. 

(2.) In Fig. 102 let the arrow be the base of the triangle, ABC, then it 
can be proved by geometry (Eno. 1. 21) that the angle BAG is less than 




Fig. 102. 

B A'C ; that B A'C is less than BA"C ; and that B A"0 is less than BA'^'C ; 
in a word, if from the ends of one aide of a triangle there be dravm two 
right lines to a point tDithin the triangle, these shall contain an angle 
greater than that which was origirnilly opposite the side from whose ends 
the lines are drawn. 

Now we know that the farther we remore ourselves from an object the 
smaller that object appears taus, and if we take A''', A", A', A (Fig. 102), 
to represent successive positions of the eye of an observer placed before 
the object BC, we see that the angle enclosed between the ray coming from 




Fig. lOS. 
one extreme end of the object and that coming from the other extreme 
end decreases as our distance from the object increases. This angle is 
called the visual angle, and that the apparent size of an object increases 
as this angle increases, and decreases as this angle decreases, may be 

G 



98 



ACOUSTICS, LIGHT, AND HEAT. 



demonstrated by the fact, that if we interpose between our eye and an 
object a piece of glask so shaped as to increase the visual angle we shall 
thereby increase the apparent size of that object This is the principle 
of the simple microscope, as we shall see hereafter. 

{3.) In Kg. 103 the two rays MO, MP are refracted as OA, PB, and thus 
appear to come from the object N. For the eye at AB judges that the 

ray OA has come to it in the 
1^ direction NO A, and that the 
ray PB has come to it in the 
direction NPB, and, therefore, 
that the object from which these 
rays proceed is at N, where these 
directions intersect. 

Now it can be proved that the 
angle BNA is greater than the 
angle CMD; therefoi-e (by 2, 
above, see Fig. 102) the image 
of the object at N, that is as it 
appears when viewed through 
the water, is larger than the 
same object at N, that is as it 




Fig. 104. 



would appear when viewed through the air alone. 

But as this effect is produced in all objects seen in this manner through 
water, it follows that all the objects at the bottom of the water will 

appear larger than they would if 
viewed through the air alone. 
A. Now the nearer a thing is to us 
the larger it appears ; therefore, 
since all the objects at the 
bottom of the water appear 
larger than they really are, we 
naturally judge that the whole 
bottom of the water is nearer to 
us than it really is ; in other 
words, the effect of the refrac- 
tion of light due to water is to 
make the water appear shallower 
^- 105. than it reaUy is. 

(4.) In Vig, 104 is shown the appearance which is produced when a 
stick is thrust obliquely into a body of water. The end A of the stick 
ABO appears to be lifted to the position A', and thus the stick appears 
to be bent at B. In other words, the actual stick ABC appears as the 
objeot A'BC. 
(5.) In Fig. 105, C represents a coin at the bottom of a basin. Let this 
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buin >t flnt bo empty, than a nj prooaediDB in the dlrMtion OA will 
be inUrceptod bj the edge of the bMin, aa «hown by the dotted line in 
the figure; therefore the ooia wiil not be vinbla to the obeervar ftt A. 

How lot water be graduollr poured into the beein, than the ooin will 
nltimetely beoome Tirible, (or, es ahown in the fignre, the rey CO will 
barafraeted to A, nnd thu» the obierier at A will receive the ray COA, 
and will see the coin apparently at C 

(6.) In Fig. 106 it repreeented a portion of the earth lurroanded by the 
atmosphere, the inoreaaing den»ity of whioh ii indicated by the inoreaa- 
ing neameta of the mrrounding tirolee. S ii a itar from whioh the ray 
Snt proceeda, Thii ray after undergoing repeated refraotions (aa ahown by 
the dotted linei at m a i e), at last reaches tbe earth at the point - at 




e the refiaotioD of 
the light ia doe to the difference in the denaitiea of the different layen 
of the atmoaphera, and It will be obteried that ite effect ia to loiae the 
apparent position of the atar. It thoa happena that a iter wboss real 
powtion ii l>elow the horiion may be rendered viaible to an obteiver. 
It ahould be noted alao that tbe line mabeaO form* a curve. 

(7.) CritiiMl Angle. 

In ^ig. 99 a ray of light proceeding from P" to (y would then take the 
oouraa (yP, Here we have the angle of incidenee F'O'N' amaller than the 
angle of refraction n'CKP ; and it ii alwaya tme that when a ray panel 
from any medium into another having leu denaity, it mahea ita angle of 
incidence leu tlinn ita angle of refraction. Conieqnently, in every inch 
CBiB there muat be a certain angle of incidence, vhioh ia len than a right 
angle, and jet haa its angle o( refraction eqnal to a right angle. Let 
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MOB (Pig. 107) be this angl« ; thenthexefraetedraytakef theootme ON, 
that ia, it skims the surf aoe of the water. It is now clear that any anfi^ of 
inddenee larger ^ban MOB, say BOB, must hare an angle of refraetion 
greater than a right angle ; in such a case the ray does not enter the lighter 




Fig. 107. 

mediom at all, in fact, there is now no refraction at all but reflection 
takes place, and that according to the ordinary laws of reflection, so that 
the ray BO is reflected to B', the angle BOB being equal to B'OB. 

The angle MOB being 
that at which refraction 
ceases is called the Critical 
Angle, and the reflection, 
which takes place at the 
angle BOB, is called Total 
JRefieetion, because aU the 
incident light is in this 
case reflected back into the 
medium wherethrough it 
has come. 

From water to air the 
Critical Angle is 4S° 36" ; 
from glass to air it is 
41M8'. 




Fig:10& 



(8.) Total Befiectton. 

In Pig. 108 is represented one of the effects of Total Befleetion ; an 
image of A is seen A'. The ressel containing the water is of glass ; con- 
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seqnently tbe oBterrdr at B can see two images of the object A, viz., one 
due to the direct ray AB, the other due to the reflected ray AOB. 

N.B, — Some curious effects may be obserred when a spoon is placed in 
a tumbler of clear water and then looked at from below the tumbler. 

(9.) SUrafire. 

In Fig. 109 is represented a curious effect produced by refraction and 
total reflection. 

In hot sandy regions it frequently happens that the layers of air near 
the soil are hotter than those abore them ; these lower layers are then 
less dense than the higher ones. Therefore a ray of light proceeding 
from the point P towards the earth enters layers whose density con- 
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tinually decreases ; its course, therefore, is one which makes a greater 
and greater angle with the normal (in other words, the angle of incidence 
continually increases), till the erUical angle is at last reached, and their 
total reflection takes place as at Q (Fig. 109). After this the ray begins 
to rise, and at last reaches the eye of the observer at O, after having 
undergone a series of refractions which are the exact opposite of those it 
experienced in proceeding from P to Q. The ray at the moment of 
reaching O appears to come from P ; the observer consequently sees an 
image of P at P' : an effect is then produced similar to that shown in 
Fig. 109. 
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(10.) Other very strange effects Are sometimes produced by refraction ; 
in order to understand these, however, it is necessary to remember that 
the atmosphere itself is but very little heated by the passage of the sun's rays 
through it ; the differences in its temperature are usually produced by 
its contact with heated bodies. Thus, when the sun shines on woods, 
and fields, and sandy deserts, and bodies of water, all these become 
heated in consequence, and then the ah* in contact with them becomes 
heated also. But as these bodies do not all become hot at the same 
rate, and, further, as they do not all part with their heat with the same 
readiness, it follows that the different portions of the air in contact with 
these different bodies become heated to different degrees. Under these 
circumstances refraction takes place as in (9) above (Fig. 109), though 
not always in that direction. For example, images of distant shores are 
sometimes seen by sailors. These images appear as lifted into the air, 
and are probably due to the temperature of the air resting on the land 
being greater than that of the air resting on the sea. Sportsmen have 
also related stories of their having shot several times at an animal which 
appeared quite within their range, and yet to have missed it, the reason 
probably being that in consequence of refraction they were deceived as 
to its position. 
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(IL) Prisms. Remembering the law of Refraction enunciated in § 22 
above (page 93) we can easily see — 
Ist. That when a ray of light impmges upon a sheet of glass, whose 

faces are parallel to each other, 
as in Fig. 110, the direction 
which the ray takes on leaving 
the glass is parallel with that it 
pursued when approaching the 
glass, for the deviation due to 
refraction at one face just coun- 
terbalances that due to the re- 
fraction at the other face. 
2d. That if in Fig. HI be represented a transverse section of a three-sided 
piece of glass called a prisma then the ray of light starting from A will 
be refracted to C and then again to D ; in short, the effect of placing such 
a prism in the path of a ray will be to cause that ray to be refracted 
tow%rds the base of the prism, both when entering and also when leaving 
the prism. 

In this Figure the lines dotted thus signify the direction in 

which the ray moves before refraction ; the lines dotted thus — - — - — - — 
signify the normals at the points of refraction. The student will care- 
fully notice that the glass being denser than the surrounding air the 
refraction at B is towards the normal, but at C it is SLW&jfrom the normal. 
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From tha fignrs it in desr that an obntrer it D will lee ni 
at A', i&, farthra from the bue tk»B the obJDot itMlf. 




Fij llL 

N.B. — lii In a. prinn the angle oppoaite the base ti called the refraet- 
ing angle, and the edge where the two refracting ■nrfacea meat b 
called the nfractinff tdge, or tht edge. Thai the retrasting edge and 
the retracting angle are both opposite the hue. 

2d. Priami are not all mads of glaui they muit conaist of a traoi- 
parent aabstance whoia refractive power i> different from that of 
the air. Iti density is nmally, but nob noceisurily, greater than 
that of the atmoaphere. 

(12.) LenBed are nanally made of glau, and are need to cnnee rays of 
light either to Gonvei^ or to diverge. Their power to canea these 
changes in the direction of luminou* rays depends upoo— 

lat. The nature of the glass or other material of which they are com- 

2d. The cnrratiire of their mrf aces. 

There are aix kinds of lenses usually employed in optios ; tntDsTerse 
eectioni of these are represented in Fig. 112. 

It will be noticed that all the Converging £ennt are tbiclcer at their 
centres than at their borders, bnt all the Diverffing Lentei are thiclcer at 
their borders than at their centres. 

InNos. 1, 3, 4, 6 both the faces of the tensesare sphericaL The centres 

of the sphere! of which these facei are parts are called Ctntnt of Citna- 

tun ; the line joining these is called tht iPrincipal Axii. In Nos, 2 and fl 

the principal aiii is a line drawn from the centre of cnrrature at right 

■ angles to the plane snrface of the lens. 

In every lens there is a point called its OpHail Centre. This point ii 
always situated on the principal axil, and ita positdon in four of the 
difierent lense> i> marked in Fig. 112 by the pointi O. Alliscondary 
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axes also pass through this point : hence its importance. In each meniscus 
the optical centre lies outside the lens altogether. The peculiar property 
of this point is that all rays, which in their course through a lens traverse 
its optical centre, leave the lens in a direction parallel with that in which 
it approached the lens ; and, vice vtrtdy every ray whose course on leav- 
ing a lens is parallel with that by which it reached the lens, must have 
passed through the optical centre of that lens. 

The Real Focus of a lens is that point towards which the rays, which 
in any particular case traverse it, are refracted. The Virtual Focus of a 
lens is that point from which the rays, which in any particular case tra- 
verse it, appear to proceed. 

(13.) We have shown above that the effect produced by placing a piism 
in the path of a ray of light, is generally to cause that ray to take a 
dii'ection which is inclined to the base of the prism. 

Let the dark outline of Fig. 113 represent the shape of a piece of glass. 
Then the triangles ABC, ADE, AMN, and the corresponding triangles 
A'B'C, A'D'E', A'MN, may be taken for six prisms, and, therefore, the 
six rays Pa, P6, Pc, Pa', P6', Pc*, will all be refracted towards the 
line PP' ; and an experiment would show that all these rays would 
intersect each other in a point P' situate on the line PP', which line 
itself passes through the glass without undergoing refraction. 




Now this figure has been so constructed that all the points A, B, D, M, 
D', B', A', are in the circumference of a circle ; also, the points A, 0, E, 
N, £', 0', A' are in the circumference of another circle. If these circles 
be described, then (omitting unnecessary lines) we shall have the figure 
shown in Fig. 114 ; a piece of glass whose transverse section corresponds 
to this figure is called a double-convex lens. The action of such a lens 
is to bring to a focus, as at F, all the rays falling upon it from a luminous 
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point P. In order to lee dearly that thia ia to, the atadent mnat care* 
fully compare Fignrea 113 and 114. 

Arguing thna, from the propertiea of a ptiam, we have thna found thai 
ike action of a doubU-convex lent ii to bring aU the ray$ inddent upon 
it from one point P, towards another point F situated on the opposite side 
of the lens. 
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(14.) Let ua now investigate the subject in another manner, and see 
whether we obtain a confirmation of the results obtained. 

In Fig. 115 take the line PF, and with centre describe the arc AaA'; 
also with C as centre describe the arc Aa'A!, Then the figure Aa'A'aA 
may be taken to represent the transrerse section of a double-convex lens, 
and the normals marked in the figure are ascertained as in Figs. 85, 86, 




Fig. 115. 

and 92. Then the ray W is refracted to the normal at h\ and conse- 
quently takes the course b'b ; at & it is refracted from the normal, and 
consequently takes the course bP*, 

The course of the ray P(2' <fP' can similarly be traced from the figure, 
and in this case, as '^ Fig. 113, the effeofe of the lens is to cause both the 
rays to deviate towards the line PP'. 
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It is evident from the fignre that an image of the point P will be formed 
at P' : this image will be a reoU one, because it is formed by the actual 
intersection of actual, though refracted, rays. 

N,B, — As in the case of mirrors, the normals are drawn from the centres 

of curvature. [See (2) page 82.] 

(15.) In Fig. 116, with centre describe the arc hd'h', and from centre 
C describe the arc ada^ ; describe the radii Ca and OV ; describe also 
the radii C& and 06', and produce them to B and B'. Then the four lines 
Ca, Ca', &B, and VB' are normals. 

An examination of the figure will then show that the ray Pa will be 
refracted into the course ctb on entering the lens, and then into the course 
1^ on leaving the lens. Similarly the ray P'a' proceeds first to 1/ and 
then to F. 



Fig. 116. 

Also the ray CC, which is called the Principal Axie of the lens, 
passes through F. But the rays Pa, PV proceed to the lens in direc- 
tions parallel to OC Therefore, we have the three parallel rays Pa, 
PV, and OC all meeting in one focus F. We should also find that all 
other rays parallel with these and falling upon the lens would also be 
refracted to pass through F. Therefore F ia called the principal focus 
of the lens, because it is that point on the principal axis through which 
pass all the rays that are incident upon the lens in directions parallel with 
that cuciSy OB ; since the positions are reversible, we may say that F is 
the principal focus of the lens, because all the raps {F&, Fd\ Fb') which 
proceed from it to the lens are so refracted while pcissing through the lens, 
as to lea/oe it in directions which are parallel to its principal axis. 

N.B.-^ln Fig. 116 the lines 06, Cd', 06', C'a, O'd, OV are caUed 
Badii of Curvature, 

(16.) If now the points a and a' remain 6xed, while the points P and P 
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are brought gradually nearer the principal axis, tbe point F will more 
gradually farther and farther to the right, till at last, when the lines 
Pa, Fa' cross each other at the point F, the lines 6F, 6'F will have 
separated themselves from the principal axis, and will have appeared as 
rays leaving the lens parallel to that axis. We see, then, that as the lines 
aP, a!V approach each other towards the left, the lines 5F, ITE separate 
from each other towards the right, and vice vend. 

(17.) In Fig. 117 the ray Pa is parallel with the principal axis, and is 
consequently refracted to F', the principal focus. And the ray Fa pro- 
ceeding from the other principal focus, F, leaves the lens as afp^ t.«., in 
a direction parallel with the principal axis. Therefore the ray Va^ 
falling between Pa and Fo^ will, on leaving the lens, pursue some such 
course as aj/^ lying between aF and aa'p. Also, the ray V'a, falling 
between Va and Fa, will, on leaving the lens, pursue a course ap", lying 
between a// and aa'p. Lastly, the ray F"a,'lying nearer the lens than Fa» 
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Pig. 117. 

will, on leaving the lens, take a course ap^" lying on that side of aa'p 
which is opposite to ap". In the diagram, the whole courses of these 
rays are separately indicated by distinctive lines, and the student will 
observe that as the point from which the rap proceeds i» made to approach 
nearer and nearer to the lens, the direction of its refradted course (i.e., its 
course after leaving the lens) recedes further and further from the principal 
cbxis. This law holds good for all cases in which convex lenses are 
employed. 

(18,) So far we have considered only the ease in which the rays proceed 
from a single luminous point. Let us now consider the case in which the 
light proceeds from a luminous body of appreciable dimensions. 
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In Fig. 118 lei the object AB be placed a little before F, the principal 
foens of the lens. In order to find the position of the image, join A to 
O, the optical centre of the lens, and prodnce AG indefinitely to A', In 
a similar manner describe the line BOB'. These are Secondary Axes, 
and on these lines will the rays proceeding from A and B be respectively 
f ocussed. Bat in order to ascertain where aU the rays leaving A will be 
focussed, it is only necessary to find where any one of them will cross its 
proper axis. Now we know that the ray Am, parallel to FF', must pass 
through F ; therefore joining m'P and producing it in the same direction 
we cut AOA' at A'. Therefore an image of A will be formed at A'. 

In a similar manner we find that an image of B is formed at B' ; there- 
fore the image of AB is A'B'. 

We thus see that if an c^ect^ AB, he placed immediaUly before the 
principal fociu of a double-convex lens, Hie image there of A!W is rea!^ is 
inverted^ is larger ^lan the object itself, and is more distant from the lens. 




Fig. 118. 

And as the positions of the object and its image are in all such cases 
interchangeable, it is dear that if an object A'B' he placed hefore a double' 
convex lens at a convenient distance, a real and inverted image will he 
produced on the other side of the lens, not far from its principal focus, hut 
rather fmiher from the lens than is that focus, 

If.B, — In order to observe the images the observer must place his eye 
at the places of their formation, or he may place a white screen there, 
and then observe the image depicted upon it* 

(19.) In Fig. 119 the object AB is placed between the principal focus 
and the lens. We find that when the ray Am leaves the lens as m'F it 
pursues a course which will never bring it into contact wilh its own 
secondary axis, AO produced. But if this axis and the ray m'¥m" be 
produced backwards, that is, to the left, these two lines will meet at A'. 
Therefore the ray m'F, which really proceeds from A, appears to come 
from A'. 



110 



ACOUSTICS, LIGHT, AND HEAT. 



In a similar manner, the ray n'F, which really comes from B, appears 
to come from B'. Therefore an image of the object AB is seen at A'B'. 
This image is virtwU becanse it is not formed by actual rays. It is, 
moreover, on the same side of the lens as is the object itself; this alone 
is sufficient to proclaim its viriual character. 




Fig. 119. 

From this figure, then, we see that if an c^ect he placed hetwttn 
the principal focue of a dovhle^convex lens and the lent iteelf an up- 
right, virtual image of that object will be formed at a greater distance 
from the lenty and this image wiU be considerably larger than the 
object itself; hence, a double«convex lens is frequently called a Simple 
Microscope, 

(20. ) In Fig. 120 are represented five rays incident upon a double-concave 
lens, one of which proceeds along the principal axis, and therefore passes 
through the optical centre, and so emerges on the opposite side of the 
lens without change of direction. 




Fig. 120. 



In the case of the ray aa'a"a"' its refraction at a' is towards the normal, 
at a" the refraction is from the normaL In both cases, however, th« 
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effect of the refraction is to deflect the cotme of the ray away from the 
principal axis. 

A similar effect is prodaced in the cases of the remaining rays WV'V't 
e<fcf'cf'\ dd'd"d"', so that all the five rays appear to proceed from the 
point F. This point is therefore a virtual foem. It is also evidently one 
of principal foci of the lens, seeing that the rays to which it is the focus 
are those which fall on the lens parallel with the principal axis. 

ilT.B.— The normals in this, as in other cases, are drawn from the 
centres of curvature. [See (2) page 82.] 

(21.) In order to make himself thoroughly acquainted with the action 
of concave lenses the student should draw for himself a series of diagrams 
similar to those numbered 113 to 119 in this manual. We can only here 
find space for one of them, viz., the one which shows how the image of 
an object of sensible dimensions is produced by a concave mirror. 



i ;"^-€^ 



I'^'-ttflg^o/Ads 



u 



,^^- 



B 




Fig. 121. 



In Fig. 121 the point O is the optical centre of the lens, F is its prin- 
cipal focus. Let it be required to find the image of the object AB. 

Join AO and BO ; then these are the seconduy axes of the lens for the 
points A, B, respectively ; then all the rays emergent from A and incident 
on the lens must be focussed somewhere on AO, and, similarly, all those 
from B will be focussed somewhere on BO. Now, as shown in the 
diagram, the ray A A', which is one of the rays emergent from A, appears 
to pass through F; therefore the point of intersection, a, will be the 
position of the image of A. Similarly, h will be the position of the image 
of B. Therefore aih is the image of AB. Tim image U virtual f upiHghtf 
and smaller than the object itself; 

N,B, — It must be carefully noted that while the image produced by a 
convex lens may be either virtual or real, either upright or inverted, and 
either larger or smaller than the object; that produced by a concave 
lens is always virtual, always upright, and always smaller than the object. 
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(22.) The Kagle Lantern. 

In Fig. 122, B is a coneaTe reflector fastened to the back of a tin box ; 
F is a lamp placed in the principal focus of B, and whose rays, therefore, 
leave B parallel to its principal axis (see fig. 98). These rays, as shown 
in the figure, are caught npon a convex lens, li, by which they are con- 
centrated npon a glass slide, whose faces are parallel and on which some 
coloured object — an arrow, AB— is depicted. 

Let F be the principal focus of the lens 1£, and then let a double- 
convex lens, N, be placed rather to the right of F; then the rays, instead 




Fig. 122. 

of pursuing their courses, as shown by the dotted lines, will be>so 
refracted as to form a larger and inverted image on a screen placed in 
the path of the rays to the left of N ; let this image be A"B". (Compare 
fig. 118.) 

Such an apparatus as this shown in Fig. 122 is called a mctgic lantern. 
It is evident that in using it the slide AB must be placed upside down, 
if an upright image of the object is to be produced. The front part of 
the apparatus — that is, that part which carries the lens, N — ^is con- 
structed after the manner of a telescope, so that we can slide it in or out 
according to the distance of the screen to the left. 

(23.) Th6 Bdflnctioii of Soimd. In Fig. 115 let a watch be placed at P, 
and let the double-convex lens be replaced by one of those thin india- 
rubber balloons which children use as toys. Then if this balloon be filled 
with carbonic acid gas, which is heavier than common air, it will act as a 
. lens ; and it will then be found that there is a certain point on the right- 
huid side of the balloon, and situated on its principal axis, at which the 
sound is very distinctly audible, although it cannot be heard at points 
immediately above or below it, or to the right hand or to the left. 
Evidently, then, the sound waves are focussed at that particular point. 

If the lens be filled with hydrogen gas, which is much lighter than 
common air, it will not be possible to find this focus ; the light gas in 
this case produces effects similar to those of a concave lens, and the 
virtual focus thus formed cannot, of course, be detected. 

(24. ) Spherical Aberration of Lenses. As in treating of mirrors, so In 
treating of lenses, we have found it convenient to take for granted 
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certain things which are not exactly tme. Among these we have assumed 
that all the rays incident in any particular case upon a spherical lens, 
are by it f ocussed to one point ; this is only tme when the angle formed 
by joining the edges of the lens to its centre of cnryatnre does not exceed 
12^ This angle is called the Aperture of the Lens; and when this apertnre 
exceeds the limit abovementioned, the rays, instead of being f ocussed to 
one poiDtf touch a curved surface called a Catutic. The cusp of this 
caustic is the point we have hitherto assumed as thefoctu. It wUl readily 
be understood that this caustic of refraction is closely allied to the caustic 
of rtfiection in the case of mirrors (Fig. 96), and that this spherical aherror- 
tion of a lens is also of a nature precisely similar to the spherical aberration 
of a min'or previously treated of. 

23. Properties of Matter. In order to the better understanding of 
some of our succeeding remarks, it is necessary that we should here give 
a brief account of the more important properties of matter. 

(L) Matter is porous — i.e., it contains tiny spaces between the tiny 
particles which compose it; for all matter, however hard and solid it 
may appear, is probably composed of very minute particles which do not 
actually touch each other. That matter is porous, is proved by this other 
fact that 

(2.) Matter is compressible—ue.f a given weight of matter, whether it 
be solid, liquid, or gaseous, is capable of being forced into a smaller space 
than that it was occupying. This is rendered possible by the existence 
of the pores or interspaces of which we just now spoke. 

(3.) Matter is elastic — i.e., when compressed into a smaller volume, it 
exerts a constant tendency to return to the volume it occupied before 
compression. This is, of course, an effect pf the presence of heat, and 
probably other repulsive forces, acting between its particles (see page 7). 

(4.) The atoms of matter are impenetrable — i.e., no two atoms of matter 
can occupy the same point of space at the same moment of time. When 
a quart of hydrogen gas unites with a quart of chlorine gas, there is pro- 
duced one, not tvH>, quart of hydrochloric acid gas. This would at first 
appear to be contradictory to the ii^penetrability of matter, but it is 
explained by what we have already sai^ of the porosity of matter. (See 
1, above.) 

(5.) Matter is divisible — 1.«., a portion of matter can be broken up into 
parts which retain the characteristic properties of the whole. We see 
frequent cases of this ; perhaps the most striking is that of a grain of 
musk, which will scent a room for years and yet lose nothing appreciable 
of its weight. In this case the extreme minuteness of the tiny particles 
of the musk is beyond the power of imagination to conceive. 

(6.) Matter at rest will remain at rest, unless acted upon by some new 
force tending to set it in motion ; also, matter moving in a certain direc- 

H 
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tion with a certain velocity, will continne to move in the same direction, 
and with the same velocity, unless it is acted apon by some new force, 
tending either to increase or diminish its velocity, or to propel it in the 
same or a different direction. This property of matter is called its 
Inertia. 

To this we may add that 

(7.) MaUer i$ indestructible. — This is called the Conservcttion of MaUer^ 
and of it we shall proceed to treat more in detail. 
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CHAPTER IV. 

THIS CONSEHVATION OF MATTER (INVOLVINO AN ACCOUNT OP THE PHENO- 
MENA OF COMBUSTION, AND OF SOME OF THE PBOFEBTIES OF MATTER 
AND OF THEIR ADAPTATIONS IN THE CONSTBUOTION OF INSTBUMENTS). 

24. The Conservation of Matter. To an uninstructed penion the 
question, ** Whether or no can matter he destroyed V* would seem so easy 
to answer that the person asking it Would appear to be tiifling. Let us, 
however, pause awhile to consider whether this question is one quite so 
easy to answer as it at first appears to be. 

When a candle bums it certainly seems that matter is destroyed, 
yet when we come closely to reason about it we are sadly puzzled to 
understand how that can actually be. The question which bothers us is 
this, **If here woe a candle one hour o/go, where it that candle now t " The 
confident person, who replies, **0h/ it is destroyed/** gives an answer 
with which people had long to be content. But the more we think about 
it, the more difficult we find it to be to understand what is the exact 
signification of the word ** destroyed/* Then, to overcome this difiiculty, 
the word annihilation was invented, which signifies ** brought to nothing;" 
but this did not really help to solve the difficulty, for it then became 
necessary to show how something could be brought to nothing. If I am 
rich my riches can be brought to nothing, so far <u lam concerned^ by 
taking them from me, but still my goods exist somewhere; true they 
have been taken from me, yet equally truly they have gone to some one 
else. Thus the attempted solution of the difficulty only continued to 
land inquirers in another equally awkward. But I fancy I hear now a 
confident and impulsive reader remark, "Wait a moment, the difficulty is 
not so great after aU; suppose your weaUh, like Antonio*s, to consist of 
ships with cargoes ; if those ships be burned at sea^ then your wealth has 
been literally brought to nothing/* To which comes the obvious reply 
that that simply brings us back to where we were before, for what we 
want to know is, '* How can something be brought to nothing t Truly tfie 
ships have disappeared, but to where are they gone? for every attempt to 
understand their disappearance from onepkice, except by their removal to 
other places, involves us in a perpetual round of difficulties," 

Ai|fuing in this way, men had long learned to doubt the possibility of 
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matter being really brought to nothing, annihilated; and at last che- 
mistry came in to confirm and settle this doubt by showing that in many 
cases the apparent destruction of matter is certainly only its conversion 
into new states. For example, when a candle bums, its solid parts, being 
exposed to the heat of the flame, are first melted into the liqaid state and 
then farther converted into the gaseous condition. Of the gaseous elements 
to which the substance of the candle has now been reduced, the chief one 
consists of two gases called hydrogen and carbon ; hence a candle is some- 
times called a hydro-carbon. The preparation of hydrogen has been 
already shown (Fig. 33). If a light be put to a jar of it, and access of 
air be permitted to it, it bums with a bluish Jlame^ and if the jar in which 
it has burned be examined after the gas has burned away, it will be 
found to be covered with tiny drops of water. This water has bun pro- 
duced by the union of the hydrogen with some of the oxygen of the air. 

Carbon is but another name for charcoaL If a piece of charcoal be 
heated to redness and exposed to the air, it at once begins also to join 
itself to the oxygen of the air, and thus forms a new substanee called 
Carbonic Anhydride, or, as it is more usutdly called, Carbtmic Acid Cfas, 

The same things happen to the hydrogen and the carbon when a candle 
bums in air or in oxygen, that we have just described as happening to 
them separately. In each case the surrounding oxygen rushes towards 
the gases of the candle with intense eagerness, and those atoms of oxygen 
which first arrive there, having their choice of combining with the 
hydrogen or the carbon, prefer the former, and thus vxUer is formed; the 
carbon meanwhile has been set free, and now exists uncombined in the 
form of very minute solid particles. But the heat produced by the 
union of oxygen and hydrogen is most intense ; to this heat the carbon 
particles are now exposed and are thus rendered white hot ; it is to the 
light shed by these glowing particles that the light of the candle is due. 
Presently, however, further supplies of oxygen flow in, and these, uniting 
with the heated carbon particles, give use to the formation of carbonic 
anhydride. The particles of the candle, then, have not been annihilated ; 
they have simply gone to form new compounds, viz., water and carbonic 
anhydride. The same things occur when wood, or coal, or oil, or common 
gas, bums in air or in oxygen. 

In Fig. 123 we have represented a candle burning, and we have shown 
the three cones or mantles of which its flame consists ; viz., (1) an inner 
cone of unbnmt gases ; (2) a central luminous oone ; (3) an outer dark 
cone. That the inner cone consists of unbumt gases may be shown by 
placing one end of a piece of bent glass tubing therein (see fig.) and apply- 
ing a light to the other end, a flame is then produced which differs from 
the candle flame only in being smaller. That the central cone contains 
unbumt carbon may be shown by taking a clean white saucer and gradually 
lowering it upon the candle flame till it comes well into the middle cone ; 
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if it be fchen removed and examined, it will be seen to be covered with a 
black deposit ; this is carbon, and it has been deposited upon the saucer 
because this vessel was cold. Here, then, we get black carbon from a 
white candle. 

It will thus be seen that there is no destruction of matter when a 
candle bums ; what really takes place is, that the elements of which the 
candle is composed combine with the oxygen of the atmosphere and give 
rise to the new compounds tvater and carbonic anhydride. 




■ '• Jet burning at end of glass tubing. 

— Dark Outer Cone (Carbon uniting with Oxygen).! 

" Luminous Cone (Hydrogen \miting with Oxygen; Carbon 
rendered incandescent). 

i/i^M Cone of Unbumt Gases (Hydrogen and Carbon) 

-Wick. 



Fig. 123. 

We have said above that the formation of the carbonic anhydride is 
delayed till after that of the water, because oxygen is not present in suffi- 
cient quantities to use up the hydrogen and the carbon at once. We 
have also stated that the luminosity of the candle is due to the presence 
of unbumt carbon in the state of minute solid particles. From this we 
may assume — 

Ist. That if it be possible by any means to supply oxygen in greater 
quantity to a burning candle, the combustion of the carbon and the 
hydrogen should both take place at the same time ; and 

2d. That, under these circumstances, as fheve will be no solid present 
in the flame, that flame will be non-luminous. 

These two statements may be shown to be true thus : — 

In Fig. 124 A'A is a small iron tube, the bottom part of which is cut 
into the form of a screw. In this part of it is an opening, B. This screw 
works into the tube C, and its aperture B may be thus brought to coin- 
cide with the other aperture, D. It is thus possible for air to enter at 
D, pass through B, and emerge again at A^ By giving the tube A'A a 
half turn inside C, it is also possible to dose the aperture D and thus 
prevent the access of air. 

While the aperture is closed the gas which flows out at A' will bum 
with a luminous flame ; but if the aperture be opened the flame will be 
a dark one, scarcely visible, but emitting intense heat. The explanation 
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If, tbkt vben tti it kllovad to enter and mingle with fbt owl gai, tbe 
combnition which takei place Bt A' u complete utd rapid i the cubon 
■nd tha bjdiogea being at once eom- 
bined with the oxygen, there i> no 
■olid prsHnl in the flame, which is 
tberetara nan-laminaiu, bat if tome 
■teel filingi be dropped throiigh tlie 
flame thua it once become inwnde- 
■oeDt, ud iparkle and dance in tbe 
flame like tiny itan. 

Such as loitniment ae that thown in 
Fig. 124 ia called a Bumea'* Bunttr. 

3B. Anlmsl Heat. If a little qoick. 

lime be diuolved in water and then 

allowed to aland qnietlj far some 

minntea, a clear liquid called Lime 

Water maybe poured oS. Mowwheu- 

r carbonic anhj^dride cornea into 

I eontact with clear limt leater, the 

wofar ta reudercd milky in 

' appearance. Thi> effect la doe (o tlie 

' production in the water of a grent 

camber of tiny particlea of chalk : 

hence chalk ia called a Carbonate of 

IMm, becauae it consiatt of a eombina- 

tloD of lime and carbonic aiihydiida. 

Now take a deep veuel, luoll aa (hat repreaealed in Elg. 82, and having 

put a lighted candle in It, place a piece of cnrdboard or an old book on 

the top of It, to prevent tbe escape of tbe galea wbioh are produced by 

the combustion of the candle. After a white the light will go out, 

because all the oiygen which was in the Teasel has 

been consumed. Nuw quickly, but not roughlf, 

remove the candle, pour into tbe vessel a quantitj 

of lime water and shake it up ; it will become turbid 

(milky) tbua proving that carbonic anhydride la 

produced hy a baming candle. The same effect 

would be produced by burning wood or charcoal, 

or oil or gaa, or eny other hydro-carbon. 

Now if a person take a piece of bent tuUng and 
blow through it into a veiiel of clear lime water 
(Fig. 12S), it will he seen gradually to grow milky, 
m vhlch it ia dear tbnt air breathed from our longs containi carbonie 
anhydride. 
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Again, it has been stated that water is produced when a candle or other 
h jdro-carbon bums in air or in pure oxygen ; that such is the case may 
easily be shown by holding a tumbler or other cold glass vessel over one 
of these burning bodies ; then the water, which is produced in the gaseous 
form, i,e., as invisible steam, becomes condensed into tiny water-drops 
upon the cold inside of the tumbler. In the same way, if a person blow 
against a cold piece of glass, water-drops are formed and collect upon it. 
We can now understand why it is that the window-panes in churches, 
chapels, and lecture-rooms become covered with water-drops during 
meetings. Also, the curious figures which we find on our windows on 
frosty mornings we can now understand to be the watery vapour breathed 
out by the sleepers, which has been first condensed to water on the 
window-panes, and then frozen into the icy and fantastic figures that 
Jack Frost delights to trace. 

When a piece of wood is exposed to heat gases are driven off &om it 
and it gradually turns black, and is then called Wood Charcoal, Also, 
when a piece of meat is roasted too long, we find it turns black also and 
forms Animal Charcoal, Both these substances when burned give rise 
to carbonic anhydride. Seeing, then, that the body consists in great part 
of flesh, and that this flesh contains a great deal of carbon (i.e., charcoal), 
it would seem natural to suppose that the carbonic anhydride which is 
exhaled by our lungs is produced by the combustion of the carbon of the 
body. This is really the truth of the matter, as we shall now proceed to 
show. 

It has been already remarked that oxygen has a greater " liking^* for 
hydn^en than for carbon. This '* liking " of certain bodies in nature for 
others is called Affinity, Some bodies have this affinity in a very high 
degree and exert it towards a great number of bodies ; others possess it, 
but in smaller degree, or only with regard to a very limited number of 
bodies. Oxygen is one of those substances whose affinity is both great 
and far extended, for it unites with almost every chemical element which 
has yet been discovered. Now if we could for a moment imagine each 
tiny atom of oxygen to be endowed with life and feeling, then we should 
see at a glance how these tiny lovers would eagerly fly to meet those 
other atoms of some other element, say carbon, for which oxygen has a 
great liking. But everybody knows that when two substances clash 
together heat is produced ; consequently when a multitude of atoms of 
oxygen fly at a swift pace to meet a multitude of atoms of carbon, the 
effect of their encountering each other must be to develop heat ; such 
heat is called the JTieot of Combustion, In this way, then, the heat of a 
candle, of a gas light, and of burning fuel is produced. And in a similar 
manner is produced the heat of an animal's body, for the oxygen of the air, 
which is breathed into the lungs, penetrates into the blood vessels of the 
body, and there* unites with certain particles of hydro-carbons which the 
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blood gathers up in its course through the body, and which are the waste 
products of the muscles (i.e., the lean flesh) of the body ; thus are formed 
both water and carbonic anhydride, and these two substances being 
carried to the lungs are there breathed out. In this way, also, that heat 
is produced which is so necessary to the maintenance of animal life. 

From what we have now said the student will perceive the truth of 
what we have said on page 26, that the manner in which a candle bums 
is very similar to the burning of what has been aptly termed the Lamp 
qf L\ft in man and other animals. It only remains to say that the 
dreumstancea under which a candle goes out are also those under which 
an animal dies. For example, as we have already stated, a candle goes 
out when immersed in the carbonic anhydride which is the product of 
its own combustion ; in the same way an animal dies when surrounded 
by the carbonic anhydride produced by the functions of its own life. 

86. Definition of Oombostlon. Because of the fact that oxygen is 
present in nearly every case of combustion with which we meet in our 
everyday life, this gas has been called iht Supporter of Combustion. 
There are cases, however, in which combustion takes place without the 
presence of oxygen. Before going further, however, we had better state 
formally what we understand by combusUon, Let it then be understood 
that, as used scientifically, the term combubtiok signifies the act of com- 
bination of two or more chemical substances giving rise to heat and accom- 
panied in most cues by the evolution of light. 

If we take a soda* water bottle filled with equal quantities of hydrogen 
and chlorine and apply a light to the mouth of it, these gases will unite 
with a loud explosion accompanied by heat and a distinct flash of light. 
Here is an instance of combustion in which oxygen is not concerned. 

27. OombUBtlon of the Diamond. The diamond is an exceedingly 
hard substance, and long defied all attempts made to bum it. Sir Isaac 
Newton, however, knowing its high refractive power for light, and 
noticing that such substances were usually compounds of carbon, pre. 
dieted that if ever it was found possible to bum it, it would be found 
to be a carbon compound. Since then the diamond has been submitted 
to the heat of the electric arc, and when so treated it swells up into a 
black opaque maiss of coke, thus proving the truth of Newton's predic* 
tion. Further, when heated to redness and then plunged into a jar of 
pure oxygen, it glows with white light like a star and produces carbonic 
anhydride. It is now certain that the diamond is the purest form of 
crystallised carbon yet known. 

i\r.J3.— Sugar also consists almost entirely of carbon and water; hence, 
if a thick syrup of sugar be made and then a suflScient quantity of 
sulphuric acid be added to it, this acid absorbs the water of the sugar 
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and thus separates it from the earhon, which now swells up in a black 
spongy mass. Sugar is thus one of the means by which carbon is supplied 
to the body for its nourishment. 

28. The ExpaiuloxL of Hatter is the direct opposite of its compression ; 
for if by the action of certain forces a quantity of matter can be caused to 
occupy a smaller volume, it is clear that the effect of forces acting in 
directions opposite to the former will be to cause that matter to expand 
and thus to fill a greater volume. We have already stated that heat acts 
generally as au expansive force, and of this we will now give some 
familiar instances. 

(1.) Heat causes SOLIDS to expand (andt theitfore^ cold causes them 
to contract), 

a. In constructing railways and laying down lines for tram-cars, care 
is taken to leave spaces between the ends of the rails. If this precau- 
tion were neglected the effect would be that in the heat of summer the 
rails having expanded would bulge out and the trains would be thrown 
off the rails. 

b. Get a ring of iron or brass, or any other metal, just large enough 
to allow an iron or brass ball to drop through it when cold. Then 
heat this ball, and it will be found to have so increased in volume that 
it will not now pass through the ring. If weighed, however, it will 
be found to be no heavier when hot than it is when cold. 

c. Fig. 126 represents an apparatus of iron having a heated iron rod 
AB passed through holes in its upright portions. The end B has a hole 




Fig. 126. 

in it, through which is passed a small oast-iron rod C. The end A 
carries a nut, and while the rod is still hot this nut is screwed up dose, 
and the rod is thus firmly fixed between the two upright portions of the 
apparatus. As the rod now cools it tends to contract, and this tendency 
becomes at last so great that the rod C is broken by the contracting 
force. 

d. In Fig. 127 is represented a metal rod, the end of which is firmly 
secured in a pillar at A, while the other end rests against one end of an 
indicator BI. Beneath the rod is a brass trough, in which a quantity of 
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alcohol burnt. As the rod AB gradually gets hotter under the inflnenoe 
of the bnmiDg aleohol, it expands, and as it cannot expand towards A, it 
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does so towards B, and in this way pushes the indicator round the 
graduated arc on which the end I points. 

By taking the temperature of the rod before and after heating it, we 
are able to note the number of degrees through which the indicator 
travels to mark an increase of one centigrade degree in the heat of the 
rod. Thus by taking the rod AB of different metals, we are able to 
note for each the number of degrees on the graduated arc, which indicate 
an increase of one degree in the heat of each rod, and thus we can com- 
pare the effects produced in them by an equal increase of temperature. 

Now if E represent the expansion produced in any rod of metal by an 

increase of one degree centigrade in its temperature, and B represent the 

E 
length of that rod before expansion, then the fraction g is called tlie 

CoeiAcient of Expansion for that metaL 

We thus see that the Coefficient of Linear Ex- 
pantion of any metal is a fraction which repre- 
sents the ratio which exists between the amount 
of length gained by a rod of that metal while 
gaining one degree of temperature and its original 
length before expansion. 

ilT.J?.— Expansion, as will be seen presently, is 
not only linear, it is also superficial and cubical. 
Fig. 128. Le^ Pig 128 represent a perfect cube, and let 

this cube be heated to one degree centigrade above its present tem- 
perature, and let ai be one foot long before expansion. Then if K 
represent the linear expansion (expressed as the fraction of a foot), it 
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is evident tliat y — ue., K — represents also t?ie coejfficient of linear expan^ 
tion. 
Therefore, sinoe ab now = 1 + K, it is clear that be also = 1 + K ; 

.-. the areaa6crf = (l + K) (1 + K) = (1 + K)2 = l + 2 K + K«. 

but, tince K is a very tmall fraction, K^ is infinitely smaller ; we may 
therefore neglect it, and say that the area abed, which was originally 
1 sq. ft., is now (1 + 2 K) sq. ft. In other words, it has gained 2 K sq. ft. 
Therefore, the Coefficient of Superficial Sxpaneion is 

2K 

-f = 2Kj 

i.6., twice the coefficient of linear expansion. 

Again, if ab and be have each gained K, it is evident that ee will also 
have gained the same, and therefore the cubic content of this solid, which 
originally was 1 oub. ft., will now be (1 + K^) cub. ft.; i.e., 

(l + 3K + 3K2 + KS)cub. ft. 

But, as before, 3 K^ and K' are such infinitely small numbers that we 
may neglect them. Th is we say that the volume 1 cub. ft. has expanded 
to become (1 + 3 K) cub. ft.; i.e., it has gained 3 K oub. ft. 

Thus, then, the Coefficient of Cubical Expansion is 

^ = 3Kj 

i.i., three times that of the linear expansion. 

The coefficients of linear expansion of the following substances should 
be remembered by the student : — 



Silver, • 


. 0000019097 


Iron (cast). 


, 0-000011250 


Gold, 


. 0000014660 


Glass, . 


, 0-000008613 


Platinum, 


• 0-000008842 


Brass, 


. 0-000018782 



It will be noticed that the coeffieients for platinum and glass are very 
nearly the same; it thus becomes possible to fuse together, these two 
substances, for their rates of expansion and contraction being thus prac- 
tically the same, the glass does not (nrack when the cooling takes place. 
If their coefficients did differ in any appreciable degree, there would be a 
breaking of the glass, occasioned either by its being pulled inwai-ds or 
being thrust outwards by the platinum. 

«. Breguet'B MetaUlo Thermometer. 

As stated above, the coefficient of expansion of breut is considerably 
greater than that of iron; consequently if a strip of one of these metals 
be riveted to a strip of the other of the same length, and these be then 
heated, the combined strip becomes bent into a curve having the iron on 
the inside. On the contrary, if the compound strip be submitted to the. 
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Pig. 129. 



action of cold, the strip will become bent with the brass on the inside. In 
both cases, of course, the shorter of the two strips occupies the inside. 

Advantage is taken of this in the construction of what is called Bregue£s 
Metallic Thermometer, 

In the list of coefficients given above it will be seen that gold occupies 
an intermediate position between silver and platinum, being less expan- 
sible than silver and more expansible 
than platinum — that is, under the 
influence of heat. 

If, then, a strip of each of these 
metals be rolled out to a very thin 
'* ribbon," and then an equal length 
of each of these be taken, fastened 
together, and coiled in a spii-al form 
with the silver inside, the platinum 
outside, and the gold between them, 
and then be adjusted as in Fig. 129, 
with an index at the bottom, we 
shall have an instrument by means 
of which changes of temperature 
will be indicated ; for an increase of 
temperature will serve to uncoU the 
spiral, while a decrease will serve to coil it more closely, and as the 
spiral winds or unwinds itself it moves the index over the graduated 
circle beneath it. Such an instrument is known as BregueVs Metallic 
Thermometer, 
f. The Gridiron Pendulum. 

When the pendalum of a clock is made longer it is found that it beats 
slower, and the clock loses time ; and, vice versd, when the i)endulum is 
shortened the beats become quicker, and the clock gains time. 

Therefore, in summer an ordinary clock will lose time because of the 
expansion of the pendulum rod, such expansion being due to the greater 
heat of summer over that of the average temperature. And, on the 
other hand, such a clock will gain time in winter because of the contrac* 
tion of the pendulum rod. 

It is easy to conceive that this is a great nuisance, and in order to 
remedy it several kinds of compensation pendulums have been invented, 
one of which is known as Harrison^s Gridiron Pendulum^ which we will 
now describe. 

In Fig. 130, which is the plan of a Gridiron Pendulum, the rods 
marked S are all of steel, those marked B are all of brass ; the length of 
the pendulum is measured from P to the centre of the bob 0. When the 
atmospheric temperature rises all these rods expand, and it will be seen 
that whereas the elongation of the steel rods tends to lower the position 
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of tfas ptnnt p', that of the iraa rods tenJs to niiie it. But ii> tlie 
coiffldint of expatiiiou of brsis ia greatar than that of itsal, it ii pouible 
to ohwiH theia roda of anoh lengthi that the sipaniioD of the itBCl ahill 
be conutentoted b; that of the braai, and thni to keep tjie length PC ft 
constant quaotit;. Ilia clock is thus prevented bom 
lodug time. When the tempemtnre falli, Vkn eontrae- P| 

tiont similaclj are equal ; and thus the clock Is pre- __ _^ |^ 

Tented from Baining time. 

S.B.—lt ihonld he added that the rod j/O pnuei 
tliroagh the two cioh bars aa end hb. 

(2.) HtiU cauia LIQUIDS to expand (and lAcrc- 
fort cold caum thtm to coniTod). 

In Fig. 131 is roproientad a flask, in the mouth of 
which a cork i« inserted. Through this corlt a long ; 
glass tube ia fitted ; both tube and cork tnuit fit Tery 
cloiel)' indeed. Let the whale be filled with water at 
an ordinary temperature. Then if the flask be heated 
(lif being held between the baadi, or fay being plunged 
into warm water, or by menna of a spirit-lamp), the 
level of the liqnid at a will first liiik. This is became 
the beat first eaoies the glass of the flask to eipuid, i 
and thus increases the Tolume of the flask. Soon, 
howeier, the heat readies the wat«r in the flask, 
which water then expands ; and b> a consequence the 
leial a again rises, end that to a point mneh higher 
than the one at which it oi^ically stood, If the heat 
be supplied by a lamp and be long continued, the 
generntion of iteam will begin, and then the experi- 
ment will be dnngerous, beoauia of the narrowness of 
the tube which forms its outlet ; most likely the dc 
flj out with an eiploiion. 

If, instead of heating the appaiatus, we bad placed it in a freezing 
mixture, the level a would baie descended steadily till the tempenture 
of the liquid in the flask was at 4° 0. It would then be found to rise 
^un gradually till 0° C was reached, i.e., till freezing began to take 
place ; at this point a mddtn and eomiderablt acpamion teould take ptaee. 
Here is a ease, then, in whioh a body n^tandi when eooting; which is, of 
course, contrary to what osnally occurs. The ranee of it is sQppoied to 
be that the paiticlei of tbe water re-arrange themBelvee just at this 
moment in such a manner as to leave unusually large spaces Ixtween 
thsm. That a re-amiDgement does take place is easily shown by means 
of the electrio lamp, but we have not space to describe it here. 

Water is the principal, bat not the only, body which eipnndi in the 
act of solidification. Cast iron, bismuth, and antimony also expand 




Fig. 190. 
and the tube w 
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when aoUiitjiBg; ind we thnt tee that tbe bw that matter elands 
under the influence of increued tempenture U not ■ fnnduncntal one, 
for it if tme odI; in p*rticalu cam, thengh thou euta m H nDmeran* 
ai to be well-nigh nuiTeruL Not so with the kw ot the Omtenation of 
Matter; to that law tbeie i* no eiception, nor doei 
it appear that in the natiue of tbingi there can 
be any eieeption to it. Hatter may he solid, or 
Uqnid, or gaaeoni ; it may coniiit of timpU 
denenU, at oxygen, or mixed dementi, ai atmo- 
■pherio air, or conpmtnd ntWaMea, aa water ; it tniiy 
be firm and aolid, aa it ii in iron or atone ; it mny be 
yielding and aoft, aa in olay or mod; it nmy be 
beaTj, aa gold, and it may be ti^t, ai hydrogen ; 
it may be bUok, aa ooal, and it may be white, aa 
chalk ; it may be opaque, u the aolid roek, and it 
may be traniparent and invinhle, ai ateam and 
oxygen and hydrogen ; it may, and in fnot doea, 
nndergo a thoniand traDaformationi, hot ia yet 
nerer loat to nature ; an atom thereof ia aever 
deitroyed, whether it be an atom of the inanimate 
diut, or of tiie more highly nganiaed plant, or the 
' f nlly dereloped animal, aa in mati ; tranamated, 
iliadpated through apace it may he, bnt loet, ap> 
paiently, it nsTer can be. 
WheneTer there it aoeh an acoumulatioo of ooinoideneea aa to enabl* 
tu to Bitahliih an almoil nniTGnal kw, there is, of conne, a principle in 
natore by which theie coinoideneei can be expluned. In the oaae before 
ua, tbe explanation ia that hodiaa in the aet of aolidifying re-atraoge 
their particlei (t.&, they eryatalliae), and they nanally ao re-amnge 
them aa to occapy leu space tiian they did in the liquid state ; hnt in 
some few caaea the re-arranged paTticles require mora room than they 
did before aoUdifieation. It ia interesting to notice that in many cases 
thia departure of Nature from an almoat nniveraal oouiae of proceeding 
is of inestimable benefit to man, thongh aometimea this benefit is not 
unaocoinpanied by iDeonveniencei. Such ia the ease with water, tor 
ainoe water eipanda in freeing, it follows that a pound of ioe haa a 
greater rolnma than a pound of cold water; in other words, iee it lighter, 
vofunx for volume, than cold vxUer, theraEoTa ice floats on cold water 
(Fig. 9). Now ice is a remarkably bad eondoctor of heat, therefore when 
once a sheet of ice has formed upon the surface of a body of water, it 
forma a shield from the cold to the water below it, for it preventa the 
rapid radiation of heat from that water. If ioe were heavier than water 
it would sink as soon aa it was formed, and the consequence would ba 
that the whole body ot the water, beipg exposed to the cold air abore 
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and the ice below, woiild soon be frozen ; and this freezing \iroald pro- 
ceed upwards, for each sheet of ice would sink as soon as it formed. 
The consequence would be a total destruction of all the fish, and prob- 
ably of all the plants, that now live in water. 

It has been already stated that 4° 0. is the exact temperature at which 
water ceases to contract in bulk ; this temperature is therefore called the 
Point of the MaTlmTiTn Densily of Water— {.«., the pcnnt at which any 
given volume of water is heaviest. That this point is so near the freezing' 
point {i.e., 0° 0.) i> & further benefit to mankind, for till the whole of a 
body of water has been reduced to this temperature no freezing at all can 
take place. As soon as the uppermost layer of water attains this tem- 
perature it at once sinks, because it is then heavier than at any other 
time ; and thus before any freezing at all occurs, all the water from the 
lowest depths must have been brought to the surface and reduced to that 
low degree of temperature. Had 8° 0. been the point of maximum 
density of water, the congelation of its surface would have become pos- 
sible as soon as the lower layers had fallen to 8° 0., instead of to 4° 0. ; 
in other words, the congelation of water would have set in sooner. 

The expansion of water in freezing has been shown to be of benefit to 
man, in tending to preserve for him the fish and water-plants he desires 
to keep ; it is also of some slight inconvenience to him, because of the 
bursting of his water-pipes in frosty weather. This is due to the action 
of the water as it expands into ice. Of course the mischief is not per- 
ceived when it is done ; it is not till the thaw comes that these '* bursts** 
are perceived, because it is not till then that the ice in the pipes is 
re-converted into water. 

(3.) That JECeat causes OASES also to expand has been already shown 
(Fig. 21) ; it only remains for us to mention here an exception to the 
ordinary rule for the expansion of gases. 

It is found by experiment that when almost any gas is made V 0. 
hotter, it gains ^}-g of its former volume ; therefore -^-g (or *003()6) is the 
coefficient of expansion of gases. It is to be carefully noted that this 
coefficient is the same for nearly all gases ; and the reason apparently is 
that whereas in solids and liquids any additional heat which may be 
supplied to a body occupies itself partly in overcoming its attractive 
forces and partly in increasing the actual distances between its particles, 
in true gases it has only the latter of these functions to perform. 

Let the following table of coefficients of Oases be carefully exa- 
mined :— 

Hydrogen, . . . • . 0*00366 

Air 0-00367 

Carbonic Anhydride, . . . . 0-00371 

Sulphurous Anhydride, • • • 0*00390 
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Bod it win be noted that the fint two of these gases have the ordinary 
coefficient of expansion, hat the last two haye higher coefficients. Now 
we see from the following table of coefficients of expansion of Liquids, 
that that of 

Water is 0*0466 

Alcohol „ • • • • - 0'116 

Mercury f^ • • • • . 0*01543 

So that this coefficient is greater for liquids than for gases. 

It has therefore been considered — 

1st. That the reason why the coefficients of emiionic anhydride and 
Mulfkurous anhydride are greater than those of hydrogen and most other 
gases or gaseous mixtures, is that the former are not pure gases, but are 
rather gaseous compounds, and are by nature inclined rather to the 
liquid than to the purely gaseous form. As we have already stated, 
carbonic anhydride is a compound of carbon and oxygen; sulphurous 
anhydride is similarly a compound of sulphur and oxygen, being formed 
when sulphur bums in air or in oxygen. 

Whenever, then, we see a piece of carbon burning with its bright 
clear light in a jar of oxygen, or burning with less brilliancy in common 
atmospherie air, and whenoTer we see a piece of sulphur (brimstone) 
burning with its beautiful psle blue light, there is a consumption of solid 
matter goiug on, but the destruction of that matter is only apparent, it 
is not real. The particles of the carbon or the sulphur are but gone to 
form a new and iuTisible compound gas, and the compound nature 
thereof cannot altogether be hidden from obsenration, but is seen and 
noticed by scientific eyes trained to obseire its symptoms, of which 
sjrmptoms we have already shown that one is the greater numerical value 
of its coefficient of expansion. 

2d. That gases may, therefore, be roughly divided into two classes ; of 
which one class embraces those bodies whose coefficients of expansion are 
0*00366 or thereabout, and the other clsis includes all those bodies 
whose coefficients differ considerably from 00366. The first class are 
most purely elementary, bodies, and are sometimes called Beal Oases: 
the others are generally compound bodies, and include what are usually 
called Vapours, 
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CHAPTER V. 

THERMOMETERS: THEIR PRINCIPLES^ CONSTRUCTION, AND USES. 

29. The student is now in a position to realise the necessity for these 
useful instruments, and also the manner of their construction. 

A TlLennometer is an instrument for measuring the temperatures of 
bodies. When a body is hot, we say it has a high temperature ; when it 
is cold, we say it has a low temperature. Oonsequently, when'a body is 
becoming hotter, we say that its temperature is rising ; when it is becom- 
ing cooler, we say that its temperature is falling. 

Now seeing that solids, liquids, and gases all expand under the 
influence of heat, and contract when cooled, it might be thought that 
thermometers could easily be constructed of a solid, a liquid, or a gas, 
just as we chose. But in practice it is found that the expansions of a 
solid are too small to be easily noted, while those of a gas are too great 
and are influenced by the pressure of the atmosphere. Liquids are there' 
fore usually empHoyed in the construction of thermometers. 

But all liquids are not equally suitable for this purpose, as the student 
will be able to gather from the following reasons which are given for the 
adoption of mercury (quicksilver). Mercury is preferred because — 
Isfc. It rapidly assumes the temperature of bodies with which it is 

brought into contact. 
2d. It expands regularly as its temperature increases. 
3d. It is opaque, and is therefore easily seen ip small tubes. 
4th. It does not wet the glass containing it. 

6th. It does not readily become gaseous or solid, for its boiling-point 
is higher than that of lead, and it never freezes in Western or 
Central Europe. 
N,B. — In mnking scientific experiments alcohol thermometers are 
much used, because alcohol remains liquid at those very low 
temperatures at which mercury freezes. 
A thermometer usually consists of a thin glass tube at one end of 
which a bulb has been blown. This bulb and the greater portion of the 
tube is filled with mercury (or alcohol, as the case may be). The upptr 
portion of the tube is a vacuum. (See Fig. 132.) 

I 
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Let the level of the merctiry at any moment stand at A ; 
then, if the temperature rise, the mercury will expand and 
rise ahove A in the tnbe; if the temperature fall, the 
mercury will contract and fall helow A in the tube. 

That this instrument may be fit for indicating the tem- 
perature at any moment it is necessary to graduate it, 
t.0., to divide its stem into steps (called degrees), and to 
number these according to an established system ; so that, 
all thermometers being numbered alike, the same tem- 
perature may be in every case indicated by the same 
number of degrees of the thermometer. 

In order to perform this graduation it is necessary to 
choose two invariable temperatures; these having been 
marked on the thermometer, the distance between them 
is then divided into an equal number of spaces, called 
degrees ; and these having been numbered, the graduation 
is then so far complete. 

(i.) The Centigrade Thermometer. 

We will illustrate these remarks by describing the gra- 
duation of the centigrade thermometer shown in Fig. 132. 
At the same time, we recommend the student to obtain 
one of these instruments and examine it by aid of what 
here follows. 

The point F.P. is the first of the fixed invariable points 
selected in graduating this thermometer ; it is the freezing^ 
point of water^ or, which is the same thing, it is the melting- 
point of ice. In order to find this point the instrument 
is plunged into a vessel containing pounded ice in the act 
of melting, and as soon as the mercury ceases to sink in 
the tube, the point F.P. {freezing-point), at which it then 
stands, is marked on the thermometer. 

The point B.P. is the second of the fixed invariable 
points selected ; it is the hoi'ing -point of ioater. In order 
to find this point the instrument is placed in the steam of 
boiling water, for such steam has the same temperature 
as the boiling water. As soon as the mercury becomes 
stationary the point B.P. {boUingrpoint) is marked on the 
instrument. 

These two points having been found, the first of them is 
marked 0** {Zero), and the second is marked 100^ The 
distance between them is divided into 100 grades or stqas 
(called degrees) ; this graduation is continued above the 
100° and below the Zero, and the instrument is complete. 
Such an instrument as this is called a Centigrade Ther- 
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mometer^ Ibecause {Bere are one hundred grades (or steps) between its 
freezing and its boiling points. 

It is also sometimes called the CeUius Thermofneter, because it was first 
made by a Frenchman named Celsius. This is the thermometer most in 
use among men of science ; there axe two others also in use, and these 
we will now shortly describe. 

(iL) Reaumur's Thermometer. This differs from the Centigrade ther- 
mometer in the number affixed to its boiling-point. B^aumur chose to 
call it 80°; while, as we have already shown, Celsius called his 100^ 
They both called the freezing-point of water 0°. 

(ill.) The Fahrenheit Thermometer takes 212° as its boiling-point, 32° 
as its freezing-point, and its zero is therefore 32° below its freezing-point, 
^his thermf^meter receives its name from its constructor Fahrenkeii. At 
tlK|. time of its adoption it was supposed that the cold produced by mixing 
together equal weights of sal ammoniac fyimmonic chloride) and snow was 
the utmost cold' t^at could be obtained; the temperature produced by 
such a mixture was therefore selected for the zero of Fahrenheit's 
thermometer. 



30. Oonverslon of the Readings of one of these Thermometers into 
Beadingrs of the othenk 

As we have already stated, the Centigrade thermometer is the one in 
most general use ; in England, in Holland, and in North America, how- 
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Centigrade. R&iutnur. Fahrenheit. 
Fig. Ids. 

ever, Fahrenheit's is still much in use ; in Germany Reaumur's is used. 
It becomes necessary, therefore, to show-how the reading of one of these 
thermometers may be expressed as a reading on either of the others. 
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Let Fig. 133 repreient three thermometers exactly alike, but graduated 
according to the three different systems, and let it be reqnired to find 
what the readings corresponding to 40" C. will be on the iUaamiir and 
Fahrenheit thermometers respectively. 

From the figure we find that the distances between the freezing and 
the boiling points are the same in all three thermometers, but that this 
distance is divided into 100 steps in the Centigrade, 80 in the S^nmnr, 
and 180 in the Fahrenheit thermometer ; so that we get — 

100 sUps Centigrade — 80 tUpt Biaumur =■ 180 ttept Fahrenheit^ 

which may be more conveniently written thns — 

lOOstepsC. = SOtUp$R. = 180 $tep8 F, ; 

therefore, dividing by 100, we get — 

1 step C. =i stepE. = | step F.; 
5 o 

therefore, mnltiplying by 40, we get— 

4Xi steps C. =^^- sUpsB.^-^^^ steps F. : 

5 o 

= 32 sUps B. = 72 steps F. 

Bat (i.) in the Biaumur thermometer the nnmbering of the steps begins 
at the same temperatnre as in the Centigrade ; therefore, the 32d step 
from the freezing-point will be called number 32, i.e., 32** 

.-. 40*'a =32"^ 

(il.) In the Fahrenheit thermometer, however, the numbering of the 
steps begins 32 steps sooner than in the Centigrade ; therefore, in Fahren- 
heit's thermometer, the 72d step above the freezing-point is called 
number (32 + 72, i.e.) 104 

.-. 40''C. =104''F. 

y.B.—Jn converting these thermometric readings, the student must 
carefully remark that the expression 

40° C. = 32" B. = 104" F. 

does not signify that 40 steps on the Centigrade thermometer equals 32 
steps on the B^umur or 104 steps on the Fahrenheit; what it really 
means is that that step which on the Centigrade thermometer is num- 
bered 40 would on a R^umur be numbered 32, and on a Fahrenheit 104. 
As we have shown above, 

40 steps C, = 32 steps B. = 72 steps F, ; 

so that if the temperature of a body increase 40" as measured on the 
Centigrade thermometer, it would increase 32" as measured on the 
Reaumur, and 72" as measured on the Fahrenheit. 
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Chneral Formulas, 

If 0, E, and F represent the readings on a Centigrade, a Reaumur, and 
a Fahrenheit thermometer, which represent any given temperature, then— 

(i.) C = 4 R. 
(iL)C=|[F-32] 

(iii.) R= ~0. 
(iv.) B = { [if - 32] 
(v.) F= |o + 33. 
(vi.) F = -J R + 32. 

81. Precautions necessary \tl 
Constructing a Thermometer. 

(1.) In determining the freezing* 
point, the pounded ice or snow in 
which the instrument is immersed 
must be carefully and cautiously 
stirred, in order to keep it all at one 
temperature. 

(2.) In determining the boiling* 
point, the following precautions are 
necessary ;— 

a. The ebullition — i,e,, boiling — 
in F (Fig. 134) must be kept up 
briskly. 

6. The indraught of currents of air 
into F must be prevented ; this is 
effected by cotton-wool placed lightly 
in the mouth of the flask at G. 

c. The heating of the upper por- 
tions of the flask, F, by radiation 
from the burner must be prevented. 
This is done by placing F on a metal 
plate, P, which has a hole in the 
centre; through this hole the bottom 
of the flask just passes. As this flask ^^^' ^^^' 

becomes hot it begins to radiate its heat ; therefore to prevent any of 
this heat reaching F, a quantity of sand is placed on P. (See S, Fig. 134.) 

d. As the boiling-point of every liquid is influenced by atlnospherio 
pressure (§ 7), the boiling-point, when found, has to be corrected, to 
bring it to the universal pre-determined pressure of 760 mm. 
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CHAPTER VI. 

ENKROT: m CONSlBVAnON, 80UB0ES, AND EFFECTS. 

82. Its Oonservatton. The reader who has carefally followed us 
through our Chapter lY., and has there understood what is meant hy the 
Conaerpation of McUter, will now he ready to make a step further, and 
confront the more difficult proposition involved in the Contervation of 
Eneryy, 

By Energy we mean the power to do work; therefore, by the Conterra- 
tion of Energy we mean that the power to do work which now exists in 
the universe is exactly equal to the power to do work which has existed 
in times gone by and which will exist in future times. Therefore energy, 
like matter, is perfectly indestructible and perfectly unoreatable. 

If I lift a 20 lb. weight to a height of ten feet from the ground, 
a portion of my vited energy will be consumed in the act; I shall be 
weaker than I was before the act. But will the stone now possess the 
energy I have lost? Certainly ; for if, in its raised position, this weight 
be attached to one end of a cord passing over a perfect pulley, it will, 
with the slightest downward push, fall towards the earth with sufficient 
force to raise another body of equal weight to a height equal to that from 
which it has itself now fallen. The force with which such a weight falls 
is called vis viva — i.«., force which is producing motion. Here, then, we 
have an instance of a change of vital energy into vis viva ; and we thus 
learn that energy undergoes modifications. Still, however, the actunl 
amount of energy has neither been increased nor diminished; a weight of 
20 lb. falling through 10 ft. raised another weight of 20 lb. also through 
10 ft. 

Again, if the same force which was employed to raise the weight be 
now employed to rub two bodies together, it will be found that the heat 
developed by the friction of these bodies has the same work-producing 
power as the vital energy consumed to produce it. Hence we learn that 
heat is produced hy friction^ that heat is another form of energy^ and that 
in every particular case it is equal in foorking power to the energy con- 
sumed in producing it, so that when vital force converts to heat there is 
neither loss nor gain of actual energy. 
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Again, if yital force be employed to rub the back of a eat, heat and 
electricity will be developed ; and the combined working power of this 
heat and electricity will be equal to that of the force consumed in pro- 
ducing thenL Here we see, then, that vital force can be changed to 
electricity ; we have already seen that it can be converted to via viva and 
to heat 

Again, if a lucifer match be rubbed against a rough body the friction 
produces heat, and this heat ignites the phosphorus of the match ; and 
now a greater quantity of heat ia produced than is equivalent to the vital 
energy consumed in striking the match. Here we might too hastily 
jump to the conclusion that heat can sometimes be created. But such it 
not the case ; the fact is, that in phosphorus there is another force stored 
up, thia force we have already met with (p. 119) as Chemical Force, or 
Chemical Affinity. By reason of this force, which although hidden it 
nevertheless eternally striving to produce its own peculiar effects, the 
phosphorus contained in the match unceasingly strives to rush towards 
Auy oxygen near it. Its anxiety to do this, so to speak, is so great that 
pure phosphorus exposed to air is, in the absence of preventing causes, 
able to ignite itself and to bum. In so doing its particles rush to join 
with those of the oxygen, and thus we get an example of chemical 
affinity converting into via viva and then into the heat of combustion. 
Before it is struck there are, in a match, forces at work preventing this 
union of the phosphorus and the oxygen ; these opposing forces are due 
to the presence of other bodies in the match besides the phosphorus. 
But when the match is struck heat is produced, and this heat, acting as 
the friend and ally of the chemical affinity of phosphorus for oxygen, 
counteracts the opposing forces of the other bodies present, and starts 
the combustion. Once started, the heat due to the combustion (for com- 
baation ia alwaya accompanied by the evolution of heat) keeps the action 
from dying out till either the whole of the phosphorus or the whole of 
the oxygen is consumed. Thus we learn that a given amount of one form 
of energy, in thia caae heat, although it cannot create energy greater in 
quantity than itaelf, can yet aet free large quantitiea of other latent 
energy, and thua indirectly produce reaulta wholly incommensurate with ita 
own work-producing power. 

Again, let us trace the changes which may take place when a gun is 
iired. 

The vital force of man raises the hammer; the hammer, when released 
and set free to fall, does so with via viva; this via viva changes to heai as 
soon as the hammer strikes the nipple of the gun ; this heat enables the 
chemical forcea stored up in the gunpowder to set to work. The conse- 
quence is, that the different material elements of the gunpowder rush 
towards each other with great rapidity, and thus their chemical force 
changes to via viva; as soon as they strike together this via viva converts 
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to heat; by reason of this heat the aolid material of the gunpowder 
changes to highly-heated gases (§ 3), and these gases expanding with 
the great energy due to their heated condition, driye out the bullet with 
great speed. Thus again heat is converted to vis viva. As soon as the 
bullet strikes the target a sound is produced, and the bullet becomes 
melted by reason of the heat produced by its impact. Thus vis viva 
oonverts to sound and heat. These forces spread themselyes, by radiation 
chiefly, through the atmosphere ; by degrees the sound also converts to 
heat (p. 51), and the whole heat goes to promote the growth of plants 
and animals, and once more to produce in plants those stored-up chemical 
forces which give rise to combustion. These plants will go to nourish 
men and to produce in them that vital energy which first raised the 
hammer ; with this vital energy the man may now rub the back of a cat 
and develop electricity. 

Here, then, we may see that foreCj or energy, may undergo a whole 
cycle of changes and return to its original form at last ; that while under- 
going these changes it* may liberate — though it cannot create — other latent 
energies, as when heat promotes combustion ; and that there is no known 
force into which every other kind of force may not convert. We may here 
repeat that this energy, though it may be to all practical intents and 
purposes consumed, is yet not destroyed; it exists still, and exerts an 
eternal influence tending still to produce the effects peculiar to it in its 
■everal manifestations. 

It would follow from this that a body once in motion would ever con- 
tinue in motion unless its progress was forcibly arrested. Such is the 
case. The heavenly bodies moving unceasingly in their orbits are 
instances of it. This is, indeed, an illustration of what is called the Law 
of Inertia, which law is, that a body moving in a given direction with a 
given vdocUy, will continue to move in that direction and with that velocity 
till its progress is diverted or arrested by the action of a new and opposing 
force. 

88. Its Sonreefl. The study of the origin of Force or Energy is so 
closely bound up with that of the origin of our universe that we cannot 
here go deeply into it. We must, however, explain that the whole of 
our planetary system, including the Earth, the Sun, the Moon, Jupiter, 
Saturn, Mars, Venus, and all the myriads of other heavenly bodies known 
to us, were probably at one time a much more extensive but vastly less 
dense mass of finely divided matter, so fine, indeed, that millions of 
cubic miles of it would not weigh a grain. This vast body of matter 
probably revolved (as the earth now does) on an axis. In process of 
long ages portions of this matter became more condensed and formed 
nuclei, and round these nuclei the greater part of the remaining gaseous 
matters gradually collected and condensed, till sun, moon, earth, and 
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other bodies were at last formed. All this while, however, these bodies 
of matter maintained their original manner of reyolution, not now on one 
common axis, but each on its own peculiar axis. In this way we account 
for the reyolution of the inferior bodies round the sun as a centre, and 
that all of them follow the same direction in their orbits round the sun. 

Although we derive some extremely small amount of our heat from 
the interior of the earth, our great supply of energy is derived from the 
sun ; this energy reaches us in the form of light. Heat, and Chemical 
Force, as we will now proceed to show. 

1st. Light. Let a ray of sunlight, S (Fig. 136), be allowed to pass through 
the aperture A and impinge upon a prism at P. Such a ray will then be 
refracted towards the base of the prism (p. 102) ; but it will be found 
that if a screen be placed to receive this refracted ray there will be 
produced on it not one spot of white light, but a band of colours as 
of a rainbow ; and whatever be the position of the prism the colours will 
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Fig. 135. 



always be found so arranged on the screen that the position of the red 
corresponds to the apex of the prism and the violet to its base, and the 
whole series of colours is arranged in the order shown in the figure, viz.. 
Red, Orange, Yellow, Green, Blue, Indigo, Violet. This appearance is 
called THE Solas Sfeotbum. In this way we learn that the white light 
of the sun is a compound of lights of the seven colours abovementioned, 
which colours are therefore called the Seven Prismatic Colours. 

The explanation of the action of the prism in this case is that the 
energy which produces the red rays of the spectrum differs in amount 
from that producing the violet rays, that between the red rays and the 
violet there are other rays whose energies all differ from each other and 
from those of the red and the violet ; that the nearer any one colour is to 
any other colour in the spectrum the more nearly their energies coincide 
in amount, and that the result of these differences in energy is differ- 
ences in refrangibility of the rays produced, the red rays being the least 
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Tefraagible, the violet the meet refrangible, and the intermediate rays 
being more or leu refrangible according as they are situated nearer to or 
farther from tiie violet in the spectrum. 

If a prism oorresponding to the one shown in Fig. 135 be placed between 
that prism and the screen shown in the figure, but in an inverted i)osition, 
and be so placed as to intercept all the rays which have passed through 
the first prism, the prismatic colours will disappear from the screen and 
» single spot of white will appear there. This is, of course, due to the 
reoomposition of the white light out of its constituent colours. Thus 
we have learnt by analysis (t.e., the pulling apart) of white light that it 
consists of the seven prismatic colours; we have confirmed this by 
synthesii (i.e., by the recomposing white light out of these elements). 
This we may also effect in another manner, for if we take a disc of card- 
board and divide it into seven equal sections, and on these paint the 
seven prismatic colours in their proper order, and then cause the disc to 
revolve rapidly, we shall see on the disc not each separate colour, but 
(practically) the whole seven together, and then the cardboard will 
appear white, or rather grey. 

All this is very interesting and very instructive also. We now under- 
stand what colour really is. It is not a substance which resides in 
bodies, it is an effect produced upon us by the sun's energy, when that 
energy in the shape of light is reflected from bodies to our eyes, and 
thence is communicated to our brains. 

But the reader will at once raise a difiSculty. light from the sun is 
colourless, we cannot see it as it darts through space ; it is not till in its 
rapid progress it lights up some portion of matter that it becomes see- 
able, and, of course, then only by its effects. light is energy only, and, 
therefore, cannot itself be seen. How is it, then, the reader will ask, 
that at any one moment the sun's light may make one object appear 
white, another black, another red, another green, ko. Let us try to 
explain this. 

If ALL the solar light which falls on a body be reflected unaltered from 
that body, the body will of course appear white ; if none of it be re- 
flected the body will appear black; if only the red be reflected it will 
appear re(i; and so with the other colours, for different bodies possess 
different powers of acting on the sunlight incident upon them ; some 
absorb practically no light at all ; these are white : some absorb it all ; 
these are black: some absorb one prismatic colour and reflect the 
remainder ; these are coloured according to a combination of the colours 
reflected ; others absorb all colours but one and this one they reflect ; 
these are of the colour they reflect. 

We have thus learnt thnt two or more energies can combine to pro- 
duce an effect upon our perceptions which is like to one of the effects 
proper to these causes separately ; as when the seven differing energies 
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which prodnce singly the seven prismatic colours unite to produce upon 
us the combined effect called white light. 

N.B, — In consequence of the unequal refrangibility of the seven con- 
stituent elements of white light, it is found that in certain cases the 
images produced by lenses are tinged with coloured edges. This is known 
as Chromatic Aberration, 
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Pig. 136. 

The reason of this is clear from Fig. 186, which shows the red rays as 
focussed at B, while the violet are focussed at Y ; this is in agreement 
with what we have already said, that the red are the least refrangible 
rays of the spectrum ; of course the other rays are brought to foci 
situated between B and V. 

2d. Heat and Chemical Force. Betuming to Fig. 135, it can be shown 
by experiment that the rays of energy which produce the Violet of the 
spectrum have but little of the energy which produces heat ; the same 
remark applies to the Indigo, Blue, and Oreen, The Yellow contains a 
little, the Orange a considerable quantity, and the Red a great quantity 
of heat-producing energy. But beyond the red is a dark region in which 
are heat rays of greater power than any in the luminous spectrum. 
Similarly, beyond the violet is another dark region containing active rays 
of Chemical Force. Chemical rays are also to be found in the luminous 
spectrum, and are more numerous in the region towards the blue than 
towards the red. 

The leaves of plants look green because they absorb from the light the 
chemically active rays at the blue end, and the heating rays at the red 
end of the spectrum ; for leaves act to plants as lungs do to animals, 
therefore in them the chemical processes consequent upon the nourish- 
ment and growth of the plant take place. For many of these processes 
supplies of heat are necessary (for although heat is always produced when 
chemical combinations take place, it is not alwapa produced in quantities 
sufficient to enable these processes to continue without the aid of other 
heat), and these supplies also are obtained from the energy poured by the 
sun upon the plants. The red end and the blue end of the spectrum 
having thus been greatly weakened, the central green is left to give its 
tint to the leaves. 
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We have here seen the radiant energy of the sun transformed into the 
stored-up chemical energy of the chemical compounds which form plants, 
and we are thus led back again to the Conservation of Energy ; for we 
can now better understand what we have before stated concerning the 
apparent, but apparent only, creation of energy which takes place when 
a small amount of heat sets free a large amount of energy stored up as 
latent chemical affinity (p. 119). 

81. Its Effects. Although energy cannot be lost nor destroyed, we 
haye already shown that it can be hidden ; though even when hidden it 
is nevertheless active, and can only be kept from exhibiting itself (in the 
shape of the performance of work) by the opposing action of other energy 
equal to it. And it must not be forgotten that the qualities of matter 
map, and often do, supply forces which tend to modify and even to nullify 
the great and more obvious energies of Nature. For instance, the forces 
of cohesion and gravity continually oppose themselves to the repellant 
action of heat (see p. 7); and there are also other and more curious 
cases in which the properties of matter oppose or otherwise modify the 
action of such obvious forces as those which give rise to sound, light, and 
heat, as we will now proceed to show. 

(1.) Energy, though distinct from matter, cannot yet be conceived as 
existing utterly independently of matter. As we have already said, 
Colour is no material substance at all, yet we cannot conceive colour 
except as an effect produced ui)on our minds by energy proceeding from 
some material body. 

In like manner, we cannot conceive that any of the light and heat 
which pour out from the sun can be altogether lost by radiation into an 
absolutely empty space beyond the stars. If there be a limit to the 
space occupied by matter, it is utterly inconceivable that the energy we 
know as light and heat can radiate into it and be there lost. True it is 
that heat and light, in their propagation from point to point of space, 
are independent of the atmosphere, and apparently (t.e., as far as our 
experiments as yet go) of any other material substance ; but this does 
not prove that the transmission of these energies through an absolute 
vacuum is possible. Such a thing is, indeed, inconceivable. 

Whether possible or no, however, there is no doubt that light or 
heat, travelling through space filled with matter, would, if it came to 
purely empty space, return into that space rather than pass into the 
vacuum before it. Thus light and heat are reflected back, not only from 
the surface of a body denser than that in which it has been proceeding, 
but also from one less dense, as in the case of the Total B^fleetion of light 
coming up from the depths of a body of water, already treated of 
(Fig. 107). 
Whether energy, passing onward through one medium and coming 
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into contflct with another medium (whatever the density of the new 
medium be), shall be propagated by it or reflected from it, depends 
upon the power of the particles of the new medium to take up the yibra- 
tions of the former one. And this power, though not independent of 
density altogether, is yet far from being altogether ruled by it. 

Olau and Marble differ in their powers to take up and propagate the 
vibrations which produce light. The first possesses this power in a high 
degree, and is hence said to be transparent ; the second scarcely possesses 
this power at all, and is therefore called opaque. 

Some bodies, such as Bock Salt and Fluorspar, readily take up and 
transmit radiant heat, and are therefore called diathermanous ; others, 
such as Alunif Sugar-candp, and Ice, have powers for transmitting 
radiant heat which are extremely feeble, they are therefore termed 
athermanous. Thus Diathebmanot is to Eadiant Heat just what Trans- 
FABENOT is to Light, 

Sound, also, though freely propagated by many solid bodies, is but 
feebly transmitted by sawdust and by felt. 

Further, there are cases in which the same body conducts energy with 
different powers and different velocities in different directions. For 
example, sound is more freely conveyed in the direction .of the " grain " 
of timber than at right angles to it. The same is true of heat. light, 
also, travels more freely in the direction of the axis of a crystal than at 
right angles to it. 

(2. ) Energy can accumulate in bodies and then produce effects which 
are startlingly great compared with their beginnings. Of course, in such 
cases there is, however, no creation of force ; there is an accumulation of 
force, and that is alL Let us give two widely different examples of 
this. 

a. If a musical box be encased in felt of a good thickness, its music 
will not be heard. If a long rod be passed through the felt and touch 
the box inside, while its other end is in the outer air, no sound will be 
heard, although this rod is actually producing vibrations which, if great 
enough, would excite in us the sense of music. But if this free end of 
the rod be placed in contact with a large flat board (or, better still, a 
large hollow box of resonous wood) freely suspended in the air, the 
music of the enclosed musical box will be plain enough to all listeners, 
for then the sound energy of the vibrating rod becomes communicated 
to, and stored up in, the board or sound-box at its end, and the vibrations 
of this larger body combine to produce others whose amplitudes are 
larger than those of the rod, and they thus produce a series of sounds 
loud enough to be audible. Here, then, we see energy depending for its 
effect upon the resonous quality of the matter of wood, a principle not 
forgotten by those who make fiddles. 

b. Besonance. If a tuning-fork which produces a given note be caused 
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to approsich a cylindrical jar of a proper deptb, it will be found that the 
Dote becomes louder; pour now a quantity of water into the jar, and 
this increase in the sound does not take place. Not, indeed, with this 
tuning-fork, but with one whose fundamental note is somewhat higher. 
These effects are due to the action of the air enclosed in the cylinder. 
vA column of air of a given depth will resound to a oertun note and to no 
other, for reasons that we shall see immediately ; at present we are con> 
cerned to remark that the effect of any given energy {e.g., that producing 
a certain musical note) is dependent for some of its effects upon the 
qualities of the matter in which it comes in contact (as in this case, the 
accidental depth of a jar containing air). 

However, that the depth of this column of air may be seen to be 
dependent upon law for its results, we will here consider this subject of 
Retonance a little more closely. 

Careful experiments show that the depth of the column of air vfhich 
resounds to any given musical note is one-fourth of the length of the sound 
wave which produces that note. With this law to help us we easily under- 
stand how the results called Resonance are produced. 

Let us turn to Fig. 39 ; the length of the wave of the tuning-fork there 
represented ia the distance between the condensation produced by the 
fork when passing the point B in its journey to B", and the succeeding 
condensation produced by the fork when passing tlie same point when 
travelling in the same direction. Let this distance be represented by 
ix. Then— 

(1.) While the fork passes from B to B", the distance performed by 

the wave is represented by x, 
(ii.) While the fork passes from B'' to B, the distance performed by* 

the wave is represented by x. 
(iiL) Therefore, while the fork passes from B to B" and back, the 
distance performed by the wave is 2x. 

Now, let the tuning-fork of Fig. 39 be represented in Fig. 137 as sound- 
ing over a glass jar whose depth is x. Then the condensation produced 
by the fork when passing B on its way to B" will return just in time to 
overtake the fork as it passes B on its return journey, i.e., on its way to 
B'. Therefore, the air now on that side of B which lies towards B' will 
be urged towards B', not only by the tuning-fork, but also by the wave 
now as it were reflected from the bottom of the jar. Thus a new wave 
is produced whose period of vibration is equal to that of the tuning-fork, 
but the amplitude of whose vibration is much increased. And this effect 
is still further heightened the next time the fork passes over the same 
ground ; the effect, at least, is that the column of the air enclosed in the 
jar comes to vibrate in unison with the fork, and thus produces that 
augmentation of the sound which is called Resonance. 

And this effect is clearly dependent on the depth of the jar. If the 
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jar be a little too deep or a little too shallow, the ware reflected from it 
does not arrive at the moment proper for reinforoing and augmenting the 
action of the fork, and there is consequently no resonance. 

Now if such a wave pass through a ^^■^__^_._«« 

tube open at both ends it will, af ter g^,^^,^^^^^^^^^^'^"" 
passing through the tube, be reflected VtHiiMMM^^^^ S* 

from its open end, because there it *^ CB, 

meets with air which is free to expand, \ f 

not being enclosed by the walls of a 1 I 

tube, as is that through which the wave I I 

has been passing. Let us now suppose I I 

the jar in Fig. 1.37 to be double its I I 

present length and open at both ends, N I 

and, then, let us further suppose the B I 

condensed portion of a wave from the I H 

fork to pass into this open pipe, and to I O? I 

be reflected from the end thereof; at «. --« «a^ 

the middle point of the tube this con- 
densation will meet the rarefactioD of the same wave, and the consequence 
will be that just at this point there will be no motion at all of the air 
particles ; such a point is called a node. Passing the node this oondensa- 
tion will then travel to the mouth of the jar, and will arrive just in time 
to augment the condensation of the air produced by the fork in its 
journey from B to B'. It will thus act exactly as the stopped tube or 
jar acted in Fig. 137. We thus see that iht note to whkh a CLOSED tub$ 
of any given length reeoundt is in the tame degree increased hy retonanes 
from an OPEir tube of double its length. 

The student must carefully bear io mind that there is in these eaief no 
creation of energy, nor any real creation of effect. The effect sums to be 
augmented, but the fact really is that the vibrating energy of the fork, 
which would otherwise be dissipated in the atmosphere in the production 
of heat, is collected in the tubes ; it there sets the columns of air in 
vibration, and these vibrations, being from the nature of the dream- 
stances similar to those of the sound-producing body, go to augment 
its effects npon onr organs of hearing. There Is thus a enmulatUm of 
energy but no creation thereof ; there is consequently a cumuUtion of 
effects but no creation thereof. The increase in the sound is the effect 
of the stored'Op force of former vibratioDS. 

We have already noticed that the higher a note Is the shorter Is Its 
wave-length ; it follows thai the higher a note la the shallower Is the 
tube which lesoimds to it. If there he ttpo tubes the depth of one of which 
is dovUe that of the olkeTf the note to which the shorter one resounds is the 
oetaee offheUher, 

fcB cat c Let Fig. 138 represent what Is called a MooodiarA or SOBO* 
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It oonaiiti nraally of one itring, AA (whence ita ju,mt Stuno- 
itretohed by a weight, W, ttorosa two little bridges, B, B', Tbew 
which »re fiied, rest upon a boa conitrncted of Tery thin ra- 




■ODoa* wood. Tbii box is for strengthen iug the aonnd. A third brid^, 
C, is moTable, and b; means of it the length of string (or wire) whioh 
we desire to set in vibrntion can be ineresaed or diminished as we please. 
The weight W can also be vnrieil et will ; and, of coarse, the string (or 
wire) ean in like manner be removed aod anether inbstitnted for it vhea 
we pleaae. 

By varying the len^b, the thickness, the density, and the stretching 
weight of the string (or wire) we find by experiment thai, other things in 
each oiiBe remaining constant, the number of vibrationt per Kcond varia — 

Firstly, invertely at the length of the itring ; 

Secondly, inveriel!/ a> the radius of the thiekaai 0/ th4 tiring.; 

Tliirdly, dirteBy at theaqyiart root 0/ tht ttretching vieight — 1.&, "the 

Fourthly, irivtriely ai the tguare root of tht dentitg of the tiring. 

Let na now suppnse tv>o strings (instead of one) wbose vibrating p'"'* 

tioDi are of eqUHl lengths, diameters, and densities, to be stretched by 

eqnal weights across the same sound box; it is clear that tbsse will 

both produce the same Dumber of vibrations per second, and wiU there- 






to the as 



Now, in order that tbey may both vibrate together, it ia not neceseary that 
we plack both of them in order to set them vibrating; for if one of them 
vibrate, it will thereby cause little vibratory waves to pasa from it in all 
directions, and some of these will impinge npon the neighbouring wire 
and oauae it to eiecute vibrations of the same rigidity as their own, and 
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these, at first of a most tiny smallDess, gradually increase in amplitude 
because of the oft and periodic recurrence upon the urire of the impulses 
due to the wayes of its neighbour, and this action increases till the second 
string (or wire) swings with yibrations equal in rapidity and equal in. 
amplitude to those of the string first set in motion. The two strings now 
vibrating together will produce waves whose condensations and rarefactions 
exactly coincide ; these condensations consequently become more dense and 
the rarefactions more rare : the sound is consequently intensified. 

If, however, the vibrations produced by these strings could be so 
arranged that the condensations of the waves of one corresponded with 
the rarefactions of the waves of the other, there would be no sound at 
all, for there would be no amplitude to the vibrations of the air through 
which these waves pass ; in a word, there would be no vibrations, and 
consequently no sound. We thus see that one sound may be destroyed by 
another; and, reasoning similarly, it is clear that light may destroy lights 
and heat may also be destroyed by heat. We need scarcely remind our 
readers that in neither of these cases is energy actually destroyed; it is 
simply paralysed and nullified by one portion of it successfully opposing 
the action of another and equal portion. 

The destruction of sound, by this interference of one series of waves 
with another, can be shown thus : — Let us, as above, take two strings 
which are vibrating in unison, and add a little to the stretching weight 
of one of them ; they no longer vibrate together, but if we listen atten- 
tively we shall hear the two different notes produced by them, and at 
certain regular intervals we shall hear beats — that is, intervals when both 
sounds disappear for a moment and there is absolute silence. The reason 
is, that the waves produced by the one string are slightly shorter than 
those of the other string ; and thus it by and by happens that the con- 
densation of the one wave coincides exactly with the rarefaction of the 
other, and then the one series of waves destroys the other, and silence is 
the result. 

To make this more clear, let us suppose the length of the waves of one 
series to be 26 inches, and of the other, 2Q inches. Then, as each of 
these waves is produced in the same interval of time, it is clear that of 
the first pair of waves the one is an inch behind the other ; of the second 
pair, the one is 2 inches behind the other ; and of the thirteenth pair, 
the one is just 13 inches behind the other— that is, the condensation of the 
smaller wave is exactly in the rarefaction of the larger, hence silence ensues. 

The beats in music can easily be produced by touching any two adjacent 
keys of a piano ; the seventh and eighth of the octave serve the purpose 
as well as any. 

Before leaving this subject of the vibration of strings, it will be well to 
describe an experiment by which the formation of nodes and ventral 
segments on a vibrating string may be shown* 

K 
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We have ilreadj dexuibed the formatioD □( nodei la > column oE air 
Tibnting in a tulw ; we h*Te •hown how the tanaatioa o[ these nodei is 
the effect of tha reflation of uiaDd-vaves either from a more deiue or a 
Ian denu madinin. In tbe ume fray, vavei paHing ilong a itring mij 
be refleotad from tba fur end of it, and may, as thaf retun, co aUerfere 
irith new wavea aa to prodnce placet of no mofton in the ilring ; theae 
nedt$, aa thej aie called, being laparated from each other b; portioni in 
active vibratioD, and theae portioos are called ventral itgtaentt. Nov for 
the experiment. 

In tig. 130, let a itring be tightly itretohed, aa in a monoohord ; and 
while toncUng It with the hand in tbe middle 1st QS draw tha bow of a 
fiddle acroaa the centre of one half, while * little rider of paper reata on 
tbe centre of the other half. By the action of the bow the string ia 
thrown into tbe eondition of a node and Begmeats, tbe pcdnt A at whioh 
the hand waa applied being the node, and each half of the Btring being a 
ventnl aegment. The centres of each of thoe halvea thui become 
the area of greateit disturbanoa in that half; eonseqaently the rider 
B ii thrown off tbe airing with a violent jerk. 




Fig, 1S§. 



AgMQ, in Fig. 140, let (he band be applied at Dne-fonrth the length of 
tha string, and let tlio bow be applied aa betora. The string now 
aaaomea the Dondltion of three nodei diriding it into (our legments, ni 
■hown in ths fignra. That aueh is tha csae is shown hy the fact that 
the riden at these sappoiad nodes remain quiencent, while thoaa at tha 
eentrea of tha lihrating segmenta are jerked off, as shown in the Bgnra, 

4. There li yet another manner in which energy depends onthepro- 
pertiea of water for its vitiblt resnlta ; though for ita vitiblt I'eaulta only, 
fta here, aa ever, not only is there for every effect a proper cansa, but 
for every oauae there la a proper effect And thia effect ia "rro:ar" 
not only in tind bnt in quantitg, Sometimea this la, to all appearance, 
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not >o; but "Id all <ytptarance" only, and «a miut diTS below theappear- 
utce and fish out the fncti. Let u> eoniider tlie following eiperinienti : — 

EiPEmaEBT L— Jfia! 1 16. D/i«Mn- at 100° C. tDitA 1 ». oi 0" C; mf tnt 
2lb,.o/vateriUB(fC. 

Xhu U juit what we ahaald expect. 

ESFIR1MSKT2.— JfiKlti. of mercmy at lOOf C. wiOt 1 li. af water at 
0* C. The lemjperature of the mixture it 3° C, 

Thii ii aitoDuhing for wliila tha meniury has loit 97* C in ita 




ceiDpernture, the water (which has received thU heat) has gained 
onlj 3° C. 

Bat thii heat, if it could be ngnin taken from the water Rnd added to 
the mercury, -would raiie it to ita oiiginal temperatora. So thai the 
■ame heat which raisf. a given weiglit of water through 3* will raiae an 
eqnal weight of mercury through 97°; from which wo conclude that 
water reqnireB f — , i.e. about J 32 tiuioa sa much heat to rw»e itthroogh 
any given number of degree! of temperatureaa is required toraiBBftnequal 
weight of mercury through the tame number of degreei. Therefore, Ih* 
Capacity of JFofiT /or ffenf ii laid to be 32 times that of mercniy. 

The ditfering capacities which different bodies have for heat is osually 
eipreisod by numerical quantities called their Specific Heal. 

The Spertflo Heat of a body is the number which expreita the relation 
which the q^ianliiy of heat reguired to raise a giwn weight of that body 
V C. in Jmnpsraturs btare to the quantity required to raise an eqvcU iceishi 
of vaterV C. in ttmptratnre ; or, more briefly — 

The Speoifio HxiT of a body it tht numier which expretiet itt eafacUy 
for heat relative to that of tcaler. 

Therefore, since 

The heat required to raise 1 lb. of mereury through I'O. 1 

The heat required to raise 1 lb. of water through 1° a " !Q' 
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it follows that 

The specific heat of mercurj = ~ = 0*0333. 

N.B. — It will be seen here that tJu Specific Heat of Water i$ taken as 
Unity, 
The following Table of Specific Heats will he found useful : — 

Water, 10000 

Mercury, ..... 00333 

AlcohoC . . . . . 0062 

Iron, 01138 

Lead 0-0314 

Before proceeding further, we may here conveniently define Tempera- 
ture as a sensible effect produced in bodies by the presence of energy in the 
form, of heat. 

To help to an understanding of the subject of specific heat, and its 
connection with temperature, let us take a homely illustration. The 
effect produced upon an old drunkard by the imbibing several glasses of 
good ale is small ; he is used to it, he has, so to speak, a great Capacity 
for Ale; but with an abstemious man the case is different. That exact 
quantity of ale which scarcely affects tho old tippler would make the 
temperate man drunk; his capacity for ale is smaller. Not that his 
stomach is smaller ; the different capacities of these men for ale is not to 
be determined by the amount they can respectively swallow, but by the 
effects produced upon them by the drinking a certain definite quantity. 
So with the capacities of bodies for heat ; that body has the highest capa- 
city for heat upon which an exact amount of heat produces the least effect 
in the way of a rise of temperature. 

It follows from this that bodies with high specific heats part with more 
of that energy when their temperature falls than do other bodies whoso 
specific heats are lower. Seeing, then, that the specific heat of water is 
very high indeed, two results of paramount importance to man, and life 
generally, follow. These are as follows : — 

1. In summer the waters of the earth absorb great quantities of heat, 

and thus prevent too great a rise in the earth's temperature at 
that time. 

2. In winter these waters part with much of their heat. To cool a 

pound of water through any given number of degrees a much 
greater quantity of heat must be radiated into the surrounding 
atmosphere than is sent out from an equal weight of earth. 
Thus the vast waters of the ocean, seas, lakes, and rivers, act as 
storehouses of heat, and they also act in such a peculiar manner 
as to lessen the heat of summer and render less rigorous the 
cold of winter. 
In choosing substances for Thennometers regard is had to their Specific 
Heats, because it is evident that a body whose capacity for heat is small is 



BSEEGY. 



149 



inore aeniilile to clian^s of temperature than one vbose oapacity for heat 
ia gnater. An eiamlnatloD of the table above given ahowi, therefore, 
that in this reipect alcohol is a rabstance better Bailed Far thermometera 
than ia mereurj ; inasmach tm thermometers conatraoted of nloohol ara 
the more sensible. 

The Setermlii&tlini of the Speclllo Heats of Bodies is perfonned 
in Tnriom ways, of vbioh we vill describe that in whioh the determina- 
tion is effected by comparisons of the weight of ice converted to watm 
hj the heat giveo ont b? different bodies of equal weights falling tbroDgli 
equal ranges of temperatttre. The iDstrnment by which tbis comparlsoa 
is made is called the Calorimeter of La^act and LavoUier. 

This inatrament consiata of throe veaaela of tin, as shown in Fig. 141. 
In the innermost one ii placed a known weight of the bod; whose apecifio 
heat it is required to determine. This bod; has previousl; been raised 
to a known temperature, and is dow left to cool. The other vessels, II 
Dud C, are filled with tee. 

The hent given up by the bodj A melts a quantit; of the ice in B, aod 
the water produced by this runs out bj the xtop-cock D, and is caoght in 
a vessel and weighed. 

The ice in C is placed there to prevent the heat of the atmosphere 
from melting the ice in R The water produced id C in consequence of 
the melting of its Ice runs out at E bat this is not wanted for our 
present calculation, and ia therefore not 
collected. 

From the weight of water melted by the 
cooling of B given quantity of matter 
thcongh a given number of degreea the 
■pecific beat of that body can he calou 
luted without further experiment but 
the aame result oan be also ohtamed 



Let US anppose that A is a mass of oopper 
of a known weight, and that the weight of 
tlie water produced by the cooling of thia 
Copper through a certain number of de- 
grees is 4} oi. Let the capper be then 
removed, and lei an equal weight of Water 
be pl&ced in the initniment and allowed to 
cool there through the same number of 
degrees that the copper did. The weight 
of water collected at D in this latter « 




Pig 141. 
I would be kbont SO oi. 



Tht Specific Heat o/ Copper ; 



60 oi 
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This insimmeni is not a good one for obtaining careful results, for — 

1. The experiment lasts a considerable time ; there is thus the pos- 

sibility that the results may be influenced by radiation and other 
accompanying circumstances. 

2. The action of the body in A is always somewhat interfered with 

by that of the ice in 0. 

3. Some of the water produced in B clings to the ice and to the walls 

of the vessel containing it. 

4. The mass of the body A is necessarily large, and it is not easy 

to ascertain its exact temperature. 

We hare now, in a brief and imperfect manner, shown that both 
3fatter and Energy are apparently indestructible and uncreatable, and 
we have mentioned some interesting facts and circumstances illustrating 
these fundamental principles. The astonishing transmutations to which 
energy is liable without either gain or loss in its actual quantity, and the 
somewhat similar, though as yet less perfectly known, changes which 
matter undergoes, changes both physical and chemical, would lead us to 
jump at the conclusion that all the forms of energy, as well the unknown 
as the known, are inter-transmutable, and that all the forms of matter 
are also but different forms of one essential substance ; in short, that all 
energies are but different forms of one energy, and all matter but dif- 
ferent forms of the same matter. Evidences are not wanting which 
point us clearly along the road that leads to this great conclusion. We 
cannot here describe these ; indeed this is not the place for them. They 
give us but faint glimpses of an unknown land into which we can but 
peer curiously and hopefully. Still at present it is an unknown land ; 
and the knowledge that such an unknown land exists will be a fitting 
preparation for our next and last chapter. 
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CHAPTER VII. 

SENSATION, AS ILLUSTRATED BY THE PHENOMENA OF SOUND AND LIGHT. 

35. Sensation. 

Though we neither see with onr eyes, nor hear with onr ears, we can- 
not well hear without the latter nor see without the former. Tet we 
occasionally do both. The objects seen in dreams are as vividly seen as 
those observed in waking ; and the sounds also are as distinct : plain 
proofs these that the sensations we call Seeing and Searing are indepen- 
dent of eyes and ears. 

Seeing and Hearing are effects produced in the brain by inflaenoes 
usually communicated to it by the nerves, but the essential thing is 
the state of the brain. There is a certain cpndition of the brain which 
produces in us, in a wonderfully mysterious manner, the sense of sight ; 
there is another condition which gives rise to the sense of hearing, and 
it matters not how these conditions are produced, let them but be pro- 
duced and their corresponding sensations are invariably produced. The 
eye and the ear are the means appointed by nature by which exterior 
objects are enabled to act upon the nerves proceeding from the brain to 
these organs, and thus to produce in the brain the sensations proper to 
the influences each is able to bring to bear upon the brain. The eye is 
incapable of receiving from the air the vibrations which, when com- 
municated to the brain, affect us as Sound; the ear cannot take up those 
which affect us as Light. We may, therefore, describe the eye and the ear 
OB organs specially adapted for receiving vibrations from media exterior 
to the nerves, and communicating these to the nerves for transmission to the 
brain, the former being peculiarly fitted for taking up and transmittini; 
the rapid vibrations of light, and the loiter being specially adapted for 
receiving and propagating the slower vibrations which produce sound. 

Let us now describe these organs more in detaiL 

86. The Ear. 

(i.) Its Constbuction. The sensation of Searing is excited in the 
brain by the rapid vibratory motion imparted to it by the nerves of the 
ear, which motion usually proceeds from some sounding body. The ear is 
#hiiB frequently described as the auditory apparatus, a name which is apt 
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to nislead, b«oinse it Keini to uurt th&t tlie MnMti(m o[ bearing ii 
effected in it, the f net reftll]' bting tbat bearing, like all other MDntioiu, 
is the act of the bmio. 

Baotk ear may be conTeniently diyiiled into three parta, vit — 

1st. The Outer Ear, the tunctiou of which ii to coUtet nnuid-wares 

nnd pour tbem iuwardi towards the interior of the head. 
2d. The Middtt Ear, the fanction of which ii to modifg and IratuiKit 

tbeae wavct towards the region of the nerrti, t.c, toward* 
3d. The Internal Ear, the fnuctioo of which ia to reeate, arntage, 
and iranimit the wavea to the nerves, and thna put them on 
their way to the brain. 
In its passage through the ear a sonnd-ware thus travels tbroogh air 
in the outer ear, through air and lolid btyne in the middle ear, ami 
through lifutds in the internal ear, aa we shall now prooeed to show, 
(a) The Outer Ear consiats of tht pinna or concha (whiob liei ontalib 







collect loand-iraves), and lAe m 

or pottage. This paasngs 
urvea not only to pour the 
Bonnd-waTe* inwards towards 
the brain, but also to increase 
the inteuaity of the sound by 



tained in it. This passage i* 
closed inwardly by a tightly 
stretched elastic tDembrane, 
culled Hit tympanic mem- 
hrane, which acta like the 
head of a drum. Beyond 
this membrane lies the aarity 



(b) I^ JI/i(M/« £ar (called also (A« (tfm;<an urn and ^e drum of the tat). 
This cavity coutaina a chain of three little bonea called respectively — 
" The MalUtu," at hammer bone ; 
" Tkt Incut," or anvil bona ; and 
" Tht SUtptt," or atirrup bone. 
Of these, the malleni ia attached to the tympanic membrane, while the 
■tapes is attached to the membrane which oavel* an aperture in that wall 
of the tympanum which is opposite the tympanio membrane. This 
apertaro is called the " Feneitra Ovaiie," Le., "the ovrd mndoa." 

The (eneatra ovalia ia not the only aperture in the bony wall on the 
inner aide of the tympsnnm; there ia another near it knoira sa the 
" Fenetlra Rotunda," i.e., "tht round aindovi," and it must be parti- 
enlarly noted that, nnliice the fenestra ovalia, it haa no little hone of aaj 
sort attached to the front of ita membrane. 
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The cavity of the tympAnum is, by means of the Etutcuhian Tube^ pat 
into communication with the mouth, and thus with the outer air. In 
this way the air on both sides of the tympanic membrane is preserved at 
the same density. 

{c) The Internal Ear consists of winding passages filled with a watery 
fluid. This fluid contains inost minute solid bodies floating in it, and it 
is by means of €he vibrations imparted to this fluid and its contained 
solids that the auditory nerve is set vibrating and the sonorous impulses 
thus set on their way direct to the brain. 

(ii) Its Action. Sound-waves passing through air are collected by the 
pinna and poured into the meattUj are here intensified by resonance and 
communicated to the tympanic membrane. And here we may remark 
that— 

(1.) As sound is but imperfectly transmitted from air to solid bodies, 
but is easily and readily taken up by a tightly-stretched membrane, there 
is great propriety in the position of ike tympanic membrane^ inaamuch a« 
by it sounds are readily transmitted to the chain of ossicles lying beyond it, 

(2.) As the outer and inner walls of the tympanum are very near each 
other while its vertical and horizontal dimensions are comparatively laige, 
the tympanum serves as a sort of sounding boards but, as its action in this 
way would be impeded if the air on one side of its membrane were 
denser than that on the other, the peculiar function of the Eustachian 
Tube becomes apparent. 

(3.) The chain of ossicles in the tympanum are not indispensable to the 
transmission of sound, for the sense of hearing would not be destroyed 
if the tympanic membrane were removed. This membrane is doubtlessly 
the most active agent in the transmission of sound in this part of the 
ear, but the Fenestra Rotunda (which is in no way connected with the 
chain of ossicles) has been proved to take part in the work of this trans- 
mission. We thus learn that the air in the tympanum takes an active 
part in transmitting the sound-waves inwards. 

(4.) The winding passages into which the fenestra rotunda opens are 
filled with a fluid, and the communication of the sound-waves from the 
air of the tympanum to the fluid of this labyrinth is much assisted by the 
presence of such a membrane as that which corers this fenestra, a mem- 
brane which readily accepts impulses from the one body and as readily 
imparts them to the other. 

There are many other interesting facts connected with the human ear ; 
for a full description of them see Kirkes*s Handbook of Physiology^ and 
other such manuals. That the student may now clearly understand the 
whole function of the auditory apparatus, we will here trace the progress 
of a wave from a sounding body inwards to the brain. The vibrations of 
such a body would first of all be communicated to the air-particles, and 
be by them communicated to the air in the meatus of the outer ear. 
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Strengiliened here by resonanoe, the found would be giren up to the 
tympanie membrane, by it to the chain of bonea in the tympanmn, and 
alio to the air there. Onoe more streDgthen'ed by resonance (i.e., of the 
air in the tympanum), it would now be given up to the membranes which 
cover the oval window and the round window, and from these it would 
proceed to the fluids of the internal ear, and from them to the auditory 
oerve ; by this nerve it would be communicated to the brain, and by the 
brain the impulse thus received would be interpreted by an act of 
hearing. 

87. Llgbt as a SeaBatloiL It was suppoaed by Sir Isaao Newton-- 
and others — ^that as the sensation of light was evidently produced by 
something which ** hits " the optic nerve at the back of the eye, this 
something was probably matter in a very finely divided state; which 
matter, he conceived, was darted out at an inconceivably great velocity 
by all luminous bodies. According to this tkeory, a rap of light vxndd be 
a train of these tiny particUi. From the first there were difficulties in 
the way of this theory, but the authority and ingenuity of Newton long 
sufficed to maintain it as the most correct theory of light. We have in 
previous pages, however, shown that light is the production of energy 
communicated to the nerves, and that such energy in the nerves is the 
effect of the propagation to them of vibratory motion, not of matter. 

Newton's theory is known as the Emimon Theory of Light, sometimes 
called also the Corpuiculary Theory. The more modem theory, which 
supposes light to be energy, and not matter, is known as the Dynamical 
Theory t or UnduUUory Theory. 

88. The Eye. 

(L) Its Constbuotion. The eye oonsists of the following parts :— 

(1.) The Sclerotic (see Fig. 143). This may be regarded as the frame- 
work of the eye. It is white and opaque, except in fronts where it 
presents the appearance of a pane of horn, and is called 

(2.) The Cornea. The cornea is transparent, and has the shape and 
performs the function of a circular concavo-convex lens. The opaque 
portion of the sderotic is lined with 

(3.) The Choroid Coat. This is a network of delicate blood-vessels. It 
is lined inside with a layer of 

(4.) Black Pigment CeUs. Over the inside of this layer is spread 

(5.) The Retina. The retina is a network of fine nerves, into which 

(6.) The Optic Nerve TKm\t.eB, 

The interior chamber of the eye is filled with a dear, transparent sort 
of jelly, called 

(7. ) The Vitreous Humour. In front of this is 

(8.) The Crystalline Lens, an ehistio body having the ihape and per- 
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forming the funetion of a circular double-convex lens. Its outer portions 
(ie., those farthest from its centre) are obsoured bj a curtain called 

(9.) The Iria, The colour of this curtain varies. In its centre is a 
circular opening called 

(10.) The PupU, which looks black, because we here peep through the 
transparent cornea, and the equally transparent cryBtalline lens, into 
the chamber of the eye, and see its black-lined walls. 

Sclerotic '■"""^^^^^SSS^^^^.^,^. 

Oboroid Coat»-y^^ ^V^ 

iB x^ -0^' ■ ■ -^^l^^^^^w Humour 

/■ r4*,.-«.« / T \l Cornea 

1 1 Vitreous i r"*Tt Pupil 

W Humour I -4— -11. ^-^, „. ^ 

\\ \ m Ji" CrystalUns Lsns 

Optic Nerve.^™, ^rrn'/d' 

^my\ W(^ ' Iris 



Fig. 143. 

By means of apparatus, which we need not here describe, the /rit 
is made to contract or dilate according as it is necessary to admit less 
or more light into the chamber of the eye. 

The Cornea is so stiff and so firmly set that it may be regarded 
as fixed both in position and in shape; but such is not the case 
with the Ciyttallvue Lent. When the object to be obsenred by the eye is 
near, this lens is made to move backwards, and vice vend. This {lower 
of adjustment is very necessary in the eye. In suppljring this requisite 
for sight the crystalline lens is assisted by certain muscles, by the action 
of which it is rendered more or lass convex, according aa the object to be 
viewed is less or more distant. 

(U.) The space between the cornea and the crystalline lens is filled 
with a fluid called the Aqueous ffumofir, 

(iL) Its Action. It has been already stated that the cornea has the 
shape and performs the functions of a concavo-convex lens, and that the 
crjrstalline lens has the shape and performs the functions of a double- 
convex lens. The aqueous and vitreous humours also act as convex 
lenses, though with feeble powers compared with those of the cornea and 
the crystalline lens. Therefore, when the iris and the lens have been 
properly adjusted, the combined action of the cornea, the lens, the 
aqueous humour, and the vitreous humour will go to produce on the 
retina an inverted image of an object presented to the eye. {Vide 
p. 109.) 
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Thia image will be oonveyed to the brain by the optic nerve, ana con- 
sequently we ought to see inverted images of the things presented to our 
view. This, of oonrse, we all know is not the actual fact ; we see images 
in their real and not in their inverted positions. The reason probably 
is that the evidence of our eyes is corrected in our sensations of sight by 
the evidence of our sense of touch. Light and Totteh thus act as hand- 
maids to Judgment, 

N.B. — Impreniana received upon the retina of the eye do not disappear 
immediately on the withdrawal of the eaueee which excite them ; the vibra- 
tory motions imparted to the nerves of the retina seem to linger there 
for periods which vary according to the time during which the excitation 
by the cause endured ; they also vary in different persons ; but, speaking 
generally, the periods average half a second. If we look at a bright 
object for some few seconds and then close our eyes, the image of the 
object still remains, as it were, quite visible. Important consequences 
follow from this fact ; for if we see a number of objects in very rapid 
succession, the images of these all blend together in the eye, and we see 
not each object separately but the whole of them as one mass. We have 
already mentioned an instance of this (see p. 138), to that we may add 
that if a disc be divided into an equal number of sectors, of which 
alternate ones are painted white and black, this disc will when rotating 
slowly present the appearance of alternate sectors of black and white ; 
but if it rcfvclve quickly the eye will be unable to distinguish the black 
and the wMte, ani the disc will consequently appear grey. Neverthe* 
less, if an electiic spark suddenly dash across this rapidly-revolving disc, 
the alternate black and white sectors wiU be rendered perfectly and 
separately apparent. 
89. Irradlatioil. The vibratory motion imparted to the nerves of the 

retina does not remain confined to the area in which 
it is primarily excited, but spreads itself to the 
neighbouring nerves. Now, as we have already said, 
black is the sensation produced by a body which 
reflects none of the light incident upon it, while 
white is the effect of the reflection of all the light. 
The consequence is, that a white object on a dark 
ground looks larger than a black object of exactly equal 
size but represented on a white ground. In each of 
these cases the region on the retina proper to the white 
encroaches on that proper to the black. In Fig. 
144 the two crosses are of the same dimensions, but 
the white one appears larger than the other. The 
effect thus produced is called Irradiation, and takes 
place whenever a white or other bright object is 
depicted upon a black or other dark ground. 




Fig. 144. 
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3. Long Sight imd Short Sights When the cornea or the crystalline 
lens is habitually of a too great convexity the eye is unable clearly to 
distiDguish the more distant objects, because the foci of such objects 
fall before the retina and not on it. Persons whose eyes have this defect 
are said to be short-sighted, and for them eye-glasses (spectacles) with 
diverging lenses are required, because by these the focus of the rays is 
thrown farther back, and so reaches the retina instead of falling some 
distance before it. 

Sometimes, however, the lenses of the eye are habitually not sufficiently 
convex, and consequently the persons so afflicted are unable to see the 
nearer objects placed before them. This is called Long Sighty and is 
remedied by the use ^f convex glasses ; by means of these lenses the rays 
are focussed upon (instead of behind) the retina, and distinct images of 
these objects are consequently formed on it. 

40. Conclusion. In these few and imperfect pages we have striven 
to the best of our ability to make things understandable, and thus to 
give scope and action to the reasoning powers of our readers. We might 
here, after the manner of the French Revolutionists, coLclude our work 
by exalting Reason as chief goddess, with the Sensations at her feet; 
but we prefer rather to preach Humility and Diffidence in Judgment, 
inasmuch as we see how falsely even our vaunted sense of sight may serve 
us, and how liable to error must our judgments ever be, since the hand- 
maids which wait upon the mind and occupy themselves in feeding it 
are so very untrustworthy. 



THE END. 
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your Manual, and says that it will supply a want that has been greatly felt." 

2%e Singing Iiutnuctor in another Leading Training College write* : — 
'* I have a very high opinion of your ManuaL I sincerely trust it will have a 
wide diculaUon, and be the means of doing a work that is much needed." 



LEADING PUBLIC ATIONS OF THE METHOD. 
In crown 8to, bound in cloth, price Is. 6d., 

A MANUAL OF YOCAL MUSIC, 

FOB USE IN PUBLIC ELEMBNTABT SCHOOLS, FOBHINO 
A COMPLETE GUIDE TO 8INQINQ AT SIGHT FROM NOTES, 

By JOHN TAYLOR, 

AvOUnr of "The Student** Text-Booh of the Science of MueiOt " ite. 

''One of the best books for young students that have been published." — 
Scotsman^ 

** To these two systems (Hollah's and Ourwen*s) is now added a third candidate 
for favour, and as it includes some of the best features of Hullah's system, and 
some of the most scientific points in the TonicSol-Fa, there will most probably 
be a sharp comi>etition for the future between the systems, eepeeiaUy between Ute 
Tonie So^-Fa and Taylov^e, which has Just been issued from tiie press."— XiMrory 
World, 

<* As novel as It is Buoces8ftil.''-<-if««iea2 ^mdard, 

" We may especially draw attention to the section headed ' Directions for the 
Conduct of a Fnetioal Singing Lesson,' which contains much sound and valuable 
advice to teachers." — Mueical Time*. 

" The directions for conducting a class are admirable." — Choir. 

« Teachers will find' this a most effective help." — Leede Merewry. 
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George Philip & Son's Educational Works. 



PSIJfTED IN TWO COLOUBS, 

PHILIP'S MUSIC SHEETS, 

VOB USB nr oohhsotioh with 
"^ TAYLOR'S MANUAL OF VOCAL MUSIC," 

AHD rOB 

GENERAL FUSPOSES OP MUSIOAL INSTEUCnON. 

The Set, eonoplete in 15 Large Sheets, size 33 by 44 in., jnice 30b. ; 
Or mounted on Cloth, with wooden ledge, for CIass Teaching, £2, 12b. 6d. 

Separate Sheets, price 28. 6d. each ; 
Or monnted on Boilers and Varnished, price 6b. each. 

" Hie Sheets are the best I have seen, and from their larso size, clearness of 
type, and their beiog printed in two ooloom, are admirably adapted for teaching 
large gUmscs like oois.*'— W. WdUU, Saq., Head-MatUr, KM. Bo^al SoapUal BdUwl, 
Ortotwich. 

BY THE SAME AUTHOR. 
Lately pabliahed, in crown Syo, cloth, price Gti, 

THE STUDENT'S TEXT-BOOK 

OF THB 

SCIENCE OF MUSIC. 
By JOHN TAYLOR^ 

Antfaor of '* Ksnnsl of Vocal Music^'' Musio Sheefcs, fta 

A futt treatment, upon an oriffinal plan, of Mwical Theory, Notation, 
Harmony, Counterpoint, Fugue, Score, Compontion, and the complete 
range of Musical Science, with exhatutive Tabla, Olouaries, Index, dec 

" A good and sound book."— XifmiYy World. 

"Very complete. . . . Harmony and conntsiipoint admirable.''— DaiZy 
TeUffraph. 

" Will be welcome to all mnsio lovers. To ssy that It is exhanstlTe is to giye 
but a very slight idea of the mine of wealth it contains."— ^nraro. 

" If the science of music can be learned from a book, this wiU teach if— 
JSooktHUr. 

" A more elaborate and complete, and yet oondse^ treatise has rarely been 
issued."— Jfttfitf Tradit Review. 

JTotei— This work has been placed upon the '* Teachers' Beferenoe Library 

List ** 01 the London School Board. 
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(George Philip & Son's Educational Works. 



f HILIPS' 

SERIES OF READING BOOKS 

TOR USE IN 

PUBHC ELEMENTARY SCHOOLS. 

XDITED BT 

JOHN G. CROMWELL, M.A,, 

Principal of St Mark's Colloge, Chelsea. 



J 



SPECIALLY ADAPTED TO THE REQUIREMENTS OF 

THE NEW CODE. 

XJnifonnly printed on Extra Foolioap 8to, and strongly bound in cloth. 



PRIMER 

FIRST BOOK—Part I. 

FIRST BOOK— Part n. 

SECOND BOOK . 

THIRD BOOK 

FOURTH BOOK . 

FIFTH BOOK 

SIXTH BOOK • 

POETICAL READINO BOOK 

SELECT POETRY FOR SCHOOLS 



80 pages 
96 
96 
160 



820 
862 
862 
166 



«. 








1 
1 
1 

2 



d. 
6 

6 

6 

9 



4 
9 




2 6 
1 



The present entirely New Series of Beading Books has been prepared 
with much care and labour under the personal supervision of the Editor ; 
and it is believed everythiug has been done which experience in teaching 
could suggest to adapt them to the educational requirements of the 
present time. 

The SPECIAL AIM of the Publishers has been to produce thoroughly 
GOOD and DUBABLE books; they direct the attention of Teachers and 
School Managers to the strenpth of the aemng and firmness of the binding^ 
both important features, which cannot fail to recommend them for use 
in Elementary Schools. 
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Just Pablislied, m crown 870, Btiff cover, price 3d* 

FIRST GRADE. 

PRACTICAL GEOMETRY 

ELEMENTARY SCHOOLS. 

BY 

DAVID BAIN, P.R.G.8. 



The aim of tlie piesent little work is to supply the youthful 
student with the fundamental principles of Practical Geometry. 
It 19 designed to meet the wants of the latest Syllabus of the 
First-Grade Examinations of the Science and Art Department 
So far as the Author is aware, there exists no text-books which 
exactly covers the work of the most recent requirements of that 
Syllabus. 

In taking their pupils through the book, teachers are advised 
to attempt the Test Exercises only on going over the problems a 
second time. Too much use of the black board cannot be made, 
while neatness as well as accuracy cannot be too strongly insisted 
upon. 

To those who have mastered the problems theie should be 
little or no difficulty in copying the Figures at the end. 

The Papers set by the Department in the March Examinations 
(1877-8-9) will be useful for examination purposes, and will also 
furnish teachers and pupils with a good idea of what is expected 
from them by the Department. 



LONDON: 

GEORGE PHILIP & SON, 82 FLEET STREET ; 

LIVERPOOL: CAXTON BUILDINGS, and 49 & 51 SOUTH CASTLE STREET. 

6 



